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PREFACE TO THE FIRST EDITION. 


Although Iho aubjocl of lubricoi,ioH ami Itibricrfnta is by no 
means itnroprosented in our technical literature, \^^o are not 
acquainted witli any one work in which i^ is adequately treated, 
in the light of our present knowledge, from the point of view 
of the enginocr and also of the chemist. Ncverthelfes, it 
was not without eonsiderablc hesitation that we acSl(fted 
the invitation of the publishers to write a treatise on the 
suoject. 

So much still remains to be learned, relating to the chemical 
constitution and physical properties of lubricantsj and also 
regarding the manner in which they act, under certain circum¬ 
stances, in reducing friction, that we cannot claim t9 have < 
produced a complete treatise. We trust, liowever, that our 
work, though netessarily incomplete in many*ri'ospects, will 
proVe of value to the engineer, the chemist, and the manu¬ 
facturer. 

Being Jhe joint production of a chemist and an engineer, the 
re^naihittty for the chemical and mechanical sections of the 
'wo^ must neceb.-^arily rest mainly upon one or* other ofyslBj, 
authors; the purely pEysical sectiojw are, however, to a lai^jp 
jaxtent t)f joint authoi^hip. Our oj^ject has been to, as fli^ as 
possible, make each sectiomcoQfplete in itself. Iu_ the first four 
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•chapters, fnicLioii, the vjseosity of liquids, a«(l lubrication are 
U'eated inaftily from aVhcorotical poiiii of view ; iii^ the five suc¬ 
ceeding eha])tors, the* nature, properties, and tesfiug of luiiricailts 
are dealt with; uuil the two final cha]iters ar^ lievoUid to a 
dosoriptioii and discussion of the practical aj>plic.atio>. of lubri¬ 
cants to machinery for the purpose of reducing friction and 
wear. In the last chapter, which has been written chielly Jor 
engineers in charge of inuehinery, many points are again briefly 
discussed which have already been more fully treated in earlier 
iwrtions of' the work. 

The’^loscriptious of oil-testing maebinos in the (diaptor on the 
mechanical^jicstiiig of lubriciiuts arc based almost entirely on 
prddisbod iilforination; but, in the instructions for their 
manipulation, an endeavour has been made to state the con¬ 
ditions under which ^jists may be made for “oiliness” or for 
viseosit)', much that has been written on the subject being 
unsound, owing to a want of kuowleilge concerning the con- 
ditifhs under wbicli these Ivf projHjrties of lubricants .‘ire of 
active value. 

«.ForV,jio theory (f viscous lubrication wc arc indebted, firsJy 
to the-exporimoutal work carried out lor the Institution rf 
Mecfia'iiioal blngincers by Mr. Ileaucbamp Tower, and tocondly, 
to the tbourotical ex]danatiou of Mr. Tower’s results communi- 
caUd lo the lln^-al Society by Professor Osborne Ileynolds, F.K.S. 
Witbou(fiosing sight of the valuable work done by other investi¬ 
gators, amongat whom should be mentiouod I’rofessors Thurston 
and Goodman, also Mr. Vcitc.b Wilson, who, as a manufactuVer, 
has laboured for so many years to spread a correct knowledge of 
the nature and properties of lubricants among iisera, it is not 
too much 1,0 say that tiie work done by Mr. Poanchtfinp T^er 
,iin,’^J’rofossol' Osborne Keynolds lias been mainly instrumental 
iji leading to the adoptioi-..of scientific methods of lubrication* 
andMas enabled the part pliyrnd by the vi^cosit.y of the lilbricant 
to» be-clearly^ stated. ^ Au equatfy uomplete treatment of the 
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theory of ffllmess (H^'reaBiiiess ia at present im])()ssiblo; but the 
bearing upon this iinportajjt brimcli of t!i« subject «i' the in-^ 
vesCigatio^is oii*th»stability and tliickness of lli]uid films carried 
put by rrofessor| Iteinold and b’ucker has ksen called attention 
to. J.ord il^yleigh’s contributions to tlie theory of superficial 
1'oveoa have also enabled us to show thb important part played 
by Buporficial tension. * 

Tlio adoption of more correct ideas coiiecrning tlic theory of 
lubrication, and the demand for machines of greater cffieiency 
and power, have led to very rapid improvements in tlie designs 
of bearings and in tlie nietliod.s of applying lubricants. (Since 
we'undortook to write this work, great progress lias been made 

this direoLion. Every endeavour ha.s been madoiao give the 
latest praetioal information, and vve trust Ihot, in giving pro- 
miuenee to new designs, we shall not lie regarded as liaving 
passed over with imdno haste older iiiothods and principles 
wiiich jStill commend tliomsulves to many practical engineers. 

Owing to the advances made during recent years in the i»^u- 


faeturc and roliiiing, .as well as in the methods of application and 
testing of lubricant.s, it is too umeh to expicet that the infoi^atio^ 
which we have sought to convey is, in all respects, uii to date. 

.shall,therefore, gratefully weleomf! any suggestions mi* the 
part of our readers wliich may enable us in a mture edition to 
remedy defects and supply omissions. * , 

Eeforeiices are given throughout the text to thb ehie^literary 
sources whoneu w« have derived information. In Lho case of 
ehcitiical and physical papers appearing in foreign periodicals, 
we have referred chiefly to the valuable alistracts published 
•by the Society of Chemical Industry and tlie Society of Public 
Analysts. „Tiio tables of chemical and physical constants of oils, 
etc.,^iavo been ctu"piled mainly from the data coUccted by M 
Lewkowitsoli for Ivis sWiiidard trealigjs on the »nal)%is of'mil 
partly ic8m results accumulated in our own experience. 
^Engineer has also beeil freely (yjptef. 
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PREFACE TO 'J’HE SECOND EDITION. 


Wk very mucti regret the delay wliich has ocetirred in the issue 
oJ this second edition of our work, but wc hope* that the 
thorough revision which the l)ook has uiiflergoiie, the rearrange¬ 
ment of some of the subject-matter, the addition of nearly 
seventy-live pages of new matter, and the enlargement aift im¬ 
provement of the index, will atone for the inconvenience Sfcsed 
by the book being out of print for so long a time. We have been 
much gratified by the favourable reception accorded to fi»t 
edition, of which a h'ronch translation has been issued; and 
ffie num|irous inquiries for the second edition which we "liave 
received prove that the book has met a want. , 

The volume has been revised throughout, but the'chief 
additions have been made to the last three chapters. 

In Chapter IV? a brief account of Lasche’s ex^ieriments on 
the friction amf lubrication of motor bearings at high speeds is 
given. Doolittle’s Torsion Viscometer is described in Chapter 
iVL, and some errors in the table for converting hydrometer 
degrees into specific gravities have been corrected. In Chapter 
•IX.Ja full desoilplion will be found of Thurston's Oil-te8tyu|;, 
Machine as modihod b/ us, together jpith a destription of the, 
method* ftf using the machine w^ich we have found most 
Idvantageous, and the revultqf«of a number of tests whieh 



wo }iavc made.* Expcyoiioe lias taught iK^that to obtain 
rasiilts of fahie froriT this macliine, mnd doubtless also from 
others of similar type, iniieh patience and careful ohsis’vati^ri 
are required. Descriptions will also bo found i^j ibis .chapter 
of several iiiachines winch were not included in»tlio first 
edition, or winch have been more recently designed; also an 
account of I’rofossnr Kingsbury’s experiments on tlio frictiiiii 
of screws. 

'I’he subject, of bronze boarings and anti-friction alloys has 
boon treated at linigtli in Cha|)ter X., and an ace.ount is given 
of tlio mii.st important researches. The tablo.s giving the 
conqiosil.ion of those alloys have been (uitiroly ro-written, and 
the aiithoritio.s added. Where no authority is mentioiied, thij 
composition stated is mostly based upon our own aiuilysos. 
Flush monsureiiients ')f tlio thickness of lubricating films by 
I’rofos.sor King.sbury are giVon on p. 397. Our be.st thanks arc 
duo t^ Mr. Ji. b'owler for kindly revising the pages on li.iJI and 
roll^*l)carings. The desei’iptions of modern mcthod.s of lubrica¬ 
tion and lubricators have been largely added to, and we have 
pkiasu^lj ill aekiiKwlcdgiiig our indehtednoss to several firms 

whose-iianies are mcutioiied in the text, for the loan of blocks. 

« • • 
In the la.st eha])ler, iiiidor the heading “ Luhriaitioii of 

MisoolJanoou.s Mscliiiies,” we have given jiarticiilars of the oils 

wliiclT are suitable for tlio lubrication of the prine.ipal types of 

machinejy and engines, and we trust this information will prove 

useful. Mr. J. Veiteli Wilson and other Exports whom wc 

have consulted have been kind eiiougli to give ifs the benefft of 

their exporieiice in regard to many machines whieh are outside 

the range of our own s)ieeial experience. To these gentlemen. 

and to Sir Boverton Redwood who has kindly revised the ftgofi 

^nvMineral Oils in Chapter V., we tender our aekiiowledginentf 

^iiid sincere tllanks. W«t also wish to thank the America^ 

Society of Mechanical Ki([;iiieers, .the I’eiinsylvania*' 4tailroac 

Cempany, and tho^lToprietorHof Engineeritiy for permissior 
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to* quote from tllfeir publications; also, JJr. Haiiry Leltinann, 
Mr. H. F. Mooje, I’rofesso? Goodman, aiKl’several oilier cnrre-« 
sfipndent# and frio*nds whose names are mentidnod in the text, for 
suggestiOBS ai»lvnl'ormation very kindly eomniuiiicatod. 

U AlUlllliUTT. 

K. M. DFKLKY. 

Jiiuminj lUU". 
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CHAPTER I. 

FRICTION OF SOLIDS. 

• 

Entroductory. —The object of mechanism of ali kinds is the control 
)r utilization of energj- for the purpose of doing ujeful work. Owing, 
lowever, to the necessary iinpcrfetdions of our methods, a largo part 
)f the oijergy applied is wasted in various ways; mainly, in over- 
ioming the resistance to relative motion otiered by the opp^ng 
lurfaoes of the machines themselves. 

The least force properly applied to a perfect machine at rest should 
lot it in motion, and, owing to the inertia of its parts, such a macliine 
)nee set in motion, but not doing work, should continue to move 
vith uniform velocity ; but there are causes which operate to arrest 
notiofl^firs%, the inertia and frictional resistance of the air; secondly, 
he friction between the rubbing surfaces of the machine ; and thirdly, 
nduced electrical currents. The frictional resistances of the air may 
36 reduced by shaping the moving surfaces of the machine* so as t(^ 
)ppo8o the least surface to its action ; with tlm electrisal resistances 
ve are not here concerned. The most serious resistance .to the 
notion of heavy machinery is the friction between the opposing 
lorfaoes, and it is inVrder to reduce this friction to a minimum that 
ubrieation is resorted i,o. 

In some cases the frictional resistance between opposing surfaces 
a utilized as ^ moans of transmitting motion from one portion of a 
aaohiie to another, or from machine to machine. Friction clutches 
jnd'hel. or rope gearing may be instanced as cases in ppint. Here 
fie.object is to make the fractional resistance as great as possible, so 
lu® the opposing surfaces may not slip. S*ich deviees%re, however, 
Wyond t^^cope of this work, for, althougji friction surfaces are often 
uhricatea to a certain e.vtdfit, tiie lubriotmt is applied to prevent the 
«tfcu3es from seizing, and note to Hjfluce frictiop. There are also 
nstanoes in which lubrication is resorted uT chiefly in order to 
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•educe the wear of the friction Burfaces, and fthis majP be of such 
mportar(",e that the loss of rnergv by friction becomes quite p 
lecondary consideration. 

Lubrication is efteeted by intorjiosing lictween the friction surfaces 
ilms of liquid or soft solid substances which de^.reasc the friction. 
3uch substances are called lubricants. The physical properties upon 
whi6h their lubricating powers depend will be considered nt a later 
itage; for the present we shall confine our remarks to a discussioh 
of the nature and laws of so-called solid friction, i.e. tho friction 
between clean solid surfaces. .Such surfaces are seldom chemically 
dean; but the contaminating films do not att'ect the laws of solid 
friction, they only determine the degree of rasistancc. 

Friction is not merely a resistance to the relative motion of solid 
iurfaces. The changes of shape undergone by solids when under <. 
itress, ,as well as the movements of liquids, are opposed by intenial 
friction, wliich, in these cases, is of quite a different nature' and 
obeys different laws to the friction between opposed surfaces. Other 
ohapters will, therefore, be devoted to tho consideration of liquid 
friction, whilst in tho present one the phenomena presented by the 
friction between solid surfaces only will be discussed. 

Nature of Friction,—Whcn,two solid surfaces are pressed firmly 
together, they cannot be moved relatively to each other without the 
sxoreise of considerable force; and when, by a sufficient effort, the 
3ui{f«i.eos have commenced sliding^l^ainst each other, the resistance to 
be overcome in order to keep them in relative motion, though it may 
be either greater or less than was requited to start tliom from a state 
of rest, has at all speeds a considerable retarding effect, and is called 
the friction between tho surfaces. The .frictional resistance faries 
greatly Victween different surfaces and materials, being Ic.ast between 
hard and polished, and greatest between soft and rorgh Surfaces. 
'Between leather and coarse sandstone, frr example, its value is 
very considerable, and it is owing to this fact that we are enabled 
to stand and walk in such perfect security on ordinary ground. 
Between leather and ice there is very much loss ‘friotion. Walking 
on ice.is, consequently, less secure than walking on the ground, and 
progression is more safely and easily effected by skating or sliding. 

In the sliding or rolling of solids against each other, friction owes 
its existence almost entirely to the roughness or unevonuess of the 
surfaces in contact. Kven apparently smooth surfaces are not free 
from minute elevations mid depressions which interlock when sudf- 
surfaces are pressed together. Motion can then only lesult either by 
the passag." of one set of inequalities over the other, or by the forcible 
breaking off of projecting parts. Whei^ this take.s place, the Surfaces 
may bo conthiiiously abudecl, for it does not follow that they wiK be 
rubbed smooth by the friction. 

Friotion between surfaces of unequal hardness results ih the neorj 
or less rapid abraamn of the fclter surface, the harder surface suflfer- 
ing very'sljghtly, uilless particles removed from it, or derived from 
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'eitraneou? sources,•become embedded in the si fter sijrfaco and act as 
graving tools. This is what ojcuroin tlic process known tiimeohanios 
as ‘lapping,’ in which emery or some other very hard substance is 
pressed into the surface of a soft metal, such as lead, which merely 
adls as a ljj;)ldcr the cutting material. 

Friction nmy bo greatly diminished by making the contact surfaces 
very smooth, and of exceedingly haixl materials. Absolutely smooth 
surfaces cannot be produced, even the most perfectly polished surfaces 
being more or less uneven. 

Eolling friction is of much 'the same nature as sliding friction. 
ITjion perfectly plane surfaces the friction of rolling would be nil, 
but, as has just been pointed out, such surfimcs cannot be produced, 
and inequalities rpiuaiii wbieh interlock and form obstacles to free 
motion. Moreover, pressure causes more or less deformation, both of 
‘thj plane surface anil of the face of the roller, so that contact takes 
place, not upon a line, but upon a more or less liroad strip, and as the 
roller moves along, fresh portions of tlic surfaces become distorted 
a.»d some sliding friction occurs. Neicrtheless, for the same load, 
mucli less resistance is otteri*ii to motion by rolling frietioif than by 
sliding friction. A block of stone which would require the exertion 
of great force to jmsh or drag it over the groimtl, can V)C moved with 
comparative ease upon woollen rollers. Vehicles arc, for the same 
reason, provided witli wheels ; and, of late years, the substitutiju of 
rolling for sliding friction has been cxtcmsivcly applied in thc*'(^ler 
and ball bearings of oleetro-motor.s, tram-cars, cycles, churns, clocks, 
astronomical telescopes, and many other machines and instruments 
where tlie pressure upon the siiriaees is comparatively light. With, 
this kind of friction, sulistaiieos such a-s indiarubhor, in the form of 
wheel tyres, for example, may be uscil to roll over comparatively 
rouglTsurlfcoos without mueli loss of energy, the elasticity of the one 
surface enabling it to cliaiigc its form to suit the inequalities of the 
ground. * , 

Circumstances which Influence Friction.— Cohesion .—A cause •£ 
friction remains to he considered which is aggravafed rather than 
diminished by our efforts to produce smooth surfaces. The more 
perfect the surfaces, the more closely will they bo brought into con¬ 
tact, and at very Small distances molecular forces come into play 
which cause very true surfaces to adhere strongly and thereby resist 
sliding impulses. Two pijcos of plate-glass, for instance, carefully 
cleaned froijj dust, may, if placed njxm one another and pressed 
togeAer witlia sliding motion, he caused to adhere' so strongly that 
one be lifted and even held in a vertical position by means of a 
Handle of sealing-wax attained to the other; indeed,skilled work- 
n&n can render the surfaces so nearly true*that they cannot again be 
separate^ Ji'ithout breaking the glass, thr points of contact having 
become practically leeWedlogetner. ^ In Tike manner pieces of marble, 

* A distinction is sometimes draw? between ‘ adbesioa’ and ‘ cohesion ’ which Is 
not warnintod by ^he facts. ^See Tail; Propertiea of Matter, 8rd edition, p. 241, 
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upon which tnje surfaces have been worked w^th great care, adhere 
whou prested together, and even 'In v<Kno their cohesion may be so* 
great that comparatively large masses may pemain suspended in 
virtue of their nuitnal molecular attractions. Clean, true surfaces 
of copper adhere when pressed together ; and Bartpn, eifrly in ftie 
last ceutiiry, showed that a dozen small cubes of this,metal, whose 
sides lie had made very true, when i)iled one on another adher^ when 
the upper one was lifted. Whitworth showed, more recently, that*' 
other substances may he caused to exhibit similar attractive forces. 

In such instances as have been iidduoed, the materials may-gener¬ 
ally be parted again without injury ; but two B\irfaee 8 of lead which 
have been freshly scraped, if pressed together with a screwing motion, 
will adhere almost as firmly as if they formed one. tnass. In other 
words, such surfaces when rubbed together ‘seize,’ i.n. the materials 
composing them undergo a process of cold welding. Prof. Walthi''re' 
Spring ha,s shown that the dust of most metals, if subjected to suffi¬ 
cient pressure, may be made to unite into solid blocks, and even alloys 
of two or more different metals may bo thus produced.* The prosstfre 
required' is very much greater with a hard metal, sneh as aluminium, 
than with a soft metal like lead, but all the metals experimented upon 
were found to welcf' at ordinary temperatures, if sufficiently com¬ 
pressed. Of course, the pressiircs used in these experiments were 
far greater than are brought to l^r upon ordinary bearin,i; 8 ; but, 
as (sll,'wn al)Ove, cohesion coinmenocs between very smooth surfaces 
under very moderate pressures, and the increased friction thus set 
up rapidly causes the hearings to l)ccorae lieated. 'Hiis reduces the 
, pressure at wliiqh welding bikes place, and as soon as the welding 
pressure coincides with that to which the hearing is subjected,"'the 
metallic surfaces seize or abnule each other. 

. Spring has, in fact, shown more recently- that by raSing’Sietals 
to temperatures far below their melting points, welding con be 
caused tu gradually take plaeo under quite moderate pressures, 
aad that even alloys of dissimilar uietals can bo forjned in this way. 
The metals experimented upon were turned into cylinders, with ends 
as perfectly plane as possihlc, and those were firmly pressed together 
by moans of a sotew. After heating for several hours at 200° - 400° 
C., the cylinders of most similar metals boearhe so firmly welded 
together that, if broken in a vice, the fracture did not take place 
along tho original surface of separation. Dissimilar metals, treated in 
the some way, became alloyed at the junction. , 

In those experiments, tho ivelding and alloying effect? Ansed 
by the surface molecules actually diffusing into each otbef. The 
late Sir 0. Roberts-Ansteii, who published several ibveatigi.. 

60118 on tho rate of diffusifti of metals into each other, wrote, in 1897 :* 
"Ibe continuation of tlu u^xperirnentft has led to the reeagjiitfah of 

‘ Hull. Acad, r-hi., liae ( 2 ), xUx., 32:>. 

” 2tit. pnyi’.kat, them., 1894, iv., 66. 

4 Fmirlh la the Alloys Ftesearch ^oimniitee^y. 58. 
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the remarkable facf tiiat diffusion of metals cau I'eadily be measured 
not only ill molteu but iu soSd metals. It is certainly ^emark^le 
that gold—placed eA the bottom of a cylinder of lead 3 inches 
high, and heated to only 200“ C. or 400“ K., which is far below its 
melting p*int, «afid while it is to all appearance solid—will have 
diffused to the top in notable quantities by the end of three dayit . . •. 
The experiments summarized have already led to the recognition 
of the undoubted fact that it is possible actually to observe and 
measure the migration of the constituent atoms in a metal or alloy 
at the ordinary temperature.” 

Sid'/aa; Contaviinatiun .—All exposed surfaces are liable to undergo 
change, owing to the chemical action of gases and vapours contained 
iu the atinosphcre, .‘ind to other causes; and the films of oxide, sulphide, 
grease, oil, dust, dirt, etc., produced in this vray modify the effects of 
eokesion. Thus, in the experiment with lead described above, unless 
the metallic surfaces are perfectly bright and untarnished, though 
they will cohere strongly, they will not weld in the cold. Contar 
mination films, however, except when the pressures are small and the 
rate of motion slow, are soon rubbed out. Under all circumstanoesj 
therefore, where the heat due to friction can accumulate, that is, 
where it is not producc’d so slowly or iu such small amount as to be 
conducted away as rapidly eis formed, a solid or fluid lubricant must 
bo interjwsed between the fuljacent sm-face.s, if only to keep them 
sufficiently apart to prevent friction due to roLesion. ^ • 

Although the chemically cloiin and true surfaces of such metals as 
lead, tin, or wrought-iron will not slide uiran each other without seiz¬ 
ing, cast-iron may with impunity move iu contact -’ith wrought-iroi^ 
and steel, even when the surfaces arc clean and the pressures moder- 
•‘toly.^rea^; indeed, dissimilar metals always work hotter and,with 
greater ease upon each other than do similar ones. The foregoing 
statement may seem to conflict with results which 1 ave been obtained 
in measuring the frictional resistance between similar metals. In 
every ca.se, however, when this has been done between,* tough ’ metaft, 
there is reason to suppose that the surfaces were not chemically clean; 
for, although experiments have been made both with and 'without 
hibricants, in niost,cascs the condition of the unlubricated surfaces 
has been descriticd as ‘ unctuous.’ 

_ The friction between most so-called ‘ uulubricated ’ metallic surfaces 
^ therefore, not a case of true friction between pure metals, but 
betajeen surfaces oontaminatod by atmospheric agencies, by grease, • 
etc., derived from the material with which the surfaces were wiped 
^ by, chemically formed films, such as oxides, sulphides, etc.; in 
oQicr words, the surfaces #re partially lubricated. linder* moderate 
pitoures such films prevent tlie actual aAesion of metal to me^ , 
If the r-hTof motion be uQt too high anck Ae action not too prolonged’ 
^ i^t be clearly borne.ijf miisd, otherwise what is known as 
-BflJid faction ’ will not appear in its true light! ' However, so far m 
m present known, tb« laws of friction between wntaloinated sur- < 
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faces, and such clean surfaces a* will run together, are identical. A 
“ contaminated surface ” is not to 1i)e regarded as one that is neces¬ 
sarily defiled, but merely one that has foreign inLtter on it. 

The following experiment will illustrate the effect of a slight coA- 
taminatiou film upon a metallic siu'face :— ‘ • 

A sgiooth file fwssod over the freshly prepared, clcain surface, will 
be found to out well, even when gently pressed against the metal, 
hut if the hand be passed over the rneUillic surface, the film of grease 
thereby deposited will so lubricate it that considerably greater 
pressure on the file is now needed to cause it to cut. If it were fiot 
for the preseneo of this contamination film, soft or tough metals, 
such as tin, wrought-irou, brass, etc., would at once seize if rubbed 
together, even at low speeds. Even with moderate loads, inequalities 
of f^ie surfaces may project through the film and largely increase the^ 
frictional resistances. Until this takes place, the value of the frietiOn- 
coefficient seems to depend as much upon the smoothness of the sur¬ 
faces and the nature of the foreign substances interposed as it dogs 
upon the nature of the materials in conttict. 

Coefficient of Friction.—The relationship borne by the frir.tional 
resistance to the load^ix force jiressiug the .surfaces together has been 
the subject of much spocnlation and discussion, and although 
numerous experimental researches have been carried out, such as 
those of Amontons, Coulomb, Vii<R), Rennie, Morin, KimbAll, and 
othfo^^there ha.s always been much conflict of opinion. From what 
has been sbitcd concerning the action which solid surfaces in close 
contact have upon each other, it will be clear that, although it may 
<be possible to f rmulate somewhat general laws of solid frict’on, 
such laws cannot be expected to hold good under extremes of pressure 
or spped ; and they will he affected to some extent by the^natwe of 
the materials in contact and the surface conditions. 

The apparatus ,usod by Morin for measuring the friction between 
surfaces consisted of a loaded box or slider, resting on a horizontal 
sftde. A cord, fastened to the slider, passed over a pulley and carried 
a smaller suspended box, which could be loaded with any desired 
weight. " Both slider and slide could, after each set of experiments, 
be replaced by others of dift'erent material. By placing weights in 
the suspended box (the slider being loaded) force was applied in a 
direction parallel to the sliding surfaces, and when the slider began 
to move, the weight of the small box was a measure of the frictional 
resistaiioo. < t 

In a particular experiment, the weight of the slider bbiiig one ton 
(2240 lbs..), a force of •IfiO lbs. was re<piired to cause it to move.. 

e f 

‘Then, ' ^ = 0-156 = p, 

which IS called the co€ffi,c-i’’ut offyicHon^ whik* 

' - , ' * 3f)01l)s. = F 

illKc '.vn as the Wtal frictional resistance. 
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The coefficient of fHc^ion may be defined at that val^e which, when 
Multiplied by the pressure normil to*the surfaeei in emtacH gives the 
measure of the maximum frictional resistance to motion. 

faking W the weight normal to the surfaces 

Frittiou^istonce Coefficient of friction. 

Nofmal weiglit W 

Static and Kinetic Coefficients.—In some cases it has been found that 
the for<‘e F reciuircd to keep a body in motion differs from that required to 
mov^* it from a state of rest. Obviously there nnist be two coefficients of 
friction, of whicli tlie static (>t) may differ from the kinetic (>ij). As a rule 
tlie kinetic coefticient, or coefficient of friction of motion, is alone of import¬ 
ance in machine work, f(jr owing to the freedom or elasticity of the fnoving 
jjarts, or the vibratioi's generated at starting, the static coefficient does not 
^nake itself seriously felt. Hence the term ‘‘coefficient of friction” nic^ns 
^s^rfficient of kinetic friction,” unless otherwise stated. 

The excess of the static. coeHicjent over the kinetic is most marked in the 
(yjse of .suUstaiices such as timber, wh<»se surface-s may be sensibly indented by 
prissure. When such surface.s have remain d for some lime in contact under 
jire.'^sure, and at rest relatively tc) eacli other, -yuisidcrable force steadily 
applied is required to cause them to slide. A similar effect on the Resistance 
to motion is shown in the process of starting a lieavy yoocls train. With all 
the c()U])lings tight, and the train at rest, the engine is unable to set the 
wagons in motion. The driver, thei‘efoi*e, rever.se.s his engine until a suffi¬ 
cient proportion of the buffers are iii contact and the coujdings slack ; ho is 
then enabled to sot tlie wagons in nuition one at a time, and ho deal w^.h the 
static or low-speed friction in detail. * 

Solid Friction— J^dxpesrimenU, —Rennie^ made a number 
of experiments on the coefficient of friction between certain metals^ 
at mtxlerate speeds. From the Rmallnese of the coefficient of friction 
with l^ht loads it would appear that he experimented with contami¬ 
nated surfaces. The following table gives some of the results he 
obtained: — 

Table I.— Coefficients of Friction between Metal Siibfacks. 


JL 






• 




Steel. 


Wrought- 

Tin. 

• 












Brass. 

■ 1^5 

•1.39 

•141 

•136 


Steel, .... 

•139 

•146 

•151 

•181 

... 

Cast-iron, 

•141 

•151 

•163 

•170 

•179 

WroUKlit-irgii, 

•135 

•191 

•170 

•160 

•181 

Tint .V . . 


... 

•179 

•181 

•266 


Brass upon other uictals^avc the least frictional resiatange, and tin 
upon other metals the highest average resiltaiice. Tin upon tin and 
brass uf.'^iirass both gave high figuroj-^-they were evidently, eten 
nfider small loads, showing signs ^ucipient seizing, owing to the 
- rupture of the interposed ffimm numerous ^igts. These coefficients 
^^hiL Trane.t 1820, p. 143. 
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are, however, much greater than those given by certain* antifriction 
alloys when workin" upon irort or iiteel. K. H. Smith, who has 
submitted the alloy known as ‘Magnolia metaly' to a variety of tests, 
gives the following 'figures, the bearing running dry :— 


Nomins! pregi(ur« 
Ibtf. ptir «({. in. 

99-r> 

99'r) 

99-5 


Speeil Is feet 
per min. 

52-3 

62-7 

78-4 


toefflclent of 
Krietipii pj. 

•0713 

•0663 

•0618 


Owing to the low frietion-coefficieut of this alloy, a bearing'maiy bo 
run dry at considerable speed without serious injury resulting. The 
alloy also answers well for liearings which have to carry moderately 
heavy loads and run at moderate speeds, or which, owing to their 
pqgitions, can only bo supplied with water. 

Frirtion and Sliced .—In all cases, the static coefficient is sensibfy 
the same as the low-speed kinetic coefficient with imperfectly lubri¬ 
cated metallic surfaces, such sis might he used for hearings; but 
between oak and oak and otlier soft materials, the kinetic friettou 
at thO’speeds used in practice is oomsiderably loss than the static frip- 
tion. Jenkin and Kwing'^ found, however, that the change in the 
value of the frictic.i-cooffioicnt is not abrupt. In fact, it is highly 
probable that in the cases where the static coefficient differs from 
the kinetic, the latter gradually f^uges when the velocity, becomes 
extremely small, so as to pass without discontinuity into the former. 

From a number of e.vperiment8 made by Kimball“ it would also 
appear that, although there is no abrupt transition between the 
, static and kinetic coefficients, the friction of motion is not always loss 
than the friction of rest. This is more particularly the case when 
the loads are small or the surfaces are lubricated. 

, With clean or nearly clean surfaces, and light loadfs, Kimball 
found that the kinetic coefficient of friction at very slow speeds was 
greater thjm the'static coefficient, but that with increasing speed the 
aoefficieat reached a maximum and then decreased. This he illus¬ 
trated by an experiment which measured the friction of a leather 
belt hung over a oasbiron pulley. To one end of the belt a known 
tension was applied by means of a fixed weight; to the other end 
a spring dynamometer was attached. The tension of the ends of 
the bolt being known, the coefficient of friction was easily found. 
In the following table the coefficients given are relative only :— 

Table II.—Relative CoEmciKNXs. >■ * 


Feet per 

Relative 

1 Feet per 

kelatira 

Mpiute. 

CodUlcienU. 

cMlimte. 

Ooefflclesto. 

18 ‘ 

•8»* i 

1190 

•96 

92 


1980 


660 

1-00 * 1 

1 t969 



* See Table, p. S80. ‘ , '•* froc. Soy, Soc., 1878, p. .lOO. 

of Scienut, 1877, p. 868. 
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Kimball conaiderad^that the results ho obtained reconcile the 

apparently conflicting statemctts df Morinf Boshin, Him, doulomb, 
and others, for these i|ivestigators experimented under very different 
coijditiona of velocity, pressure, etc. 

iftorin cxj)eriuie#ted under conditions which gave him a coeifioient 
approaching the maximum, and thus his results were approximately 
constant for all the speeds tried. Bochin experimented with railway 
drains; his conditions wore high speeds, hard contact surfaces, and 
great intensity of pressure. These circumstanees, under some oondi 
tiou» of lubrication, favour a coeflicient decreasing as the velocity 
increases. Him, on the other hand, employed very light pressures, 
loss than two pounds on the .square inch, .and kept his eoutaet but 
faces so thoroughly lubricated that the friction was rather between oi. 
and oil than between two metallic surfaces. These conditions,,ai 
"tSidinary speeds, favour a eocfticient increasing as the velocity in 
creases. For the efi'ects of spec<l to bo ascertained, either thf 
metals in contact must be such that they will not seise as they 
bceomc heated, or one or both of the contact surfaces must be con¬ 
tinually changing. Both those conditions are fulfilled by* railway 
brakes. When the wheel is revolving and rubbing against the brake 
block, the contamination of both surfaces is practically rubbed away, 
and the mefcils come into close contact. Dissimilar metals are, there 
fore, used—generally cast-iron blocks on steel or wrought-iron tyres. 
The clean tyre as it revolves is stationary with regard to the raik, ^id 
the coefficient there is practically the stsitic. In the following tabh 
will be found the results obtained by Galtou and Wc,stinghouse ' foi 
cast-iron blocks upon steel tyres. The coefficient decreases greatly 
as the speed inoroa.ses, and .also as the blocks become heated aftei 
pi'olonged contact. 

Tahi.e 111. —Fuiction op Buakss. 


Average Speed. 

Oo-j'lllelcutof Fncti«Mi Jietwfin 1 

UHBt'iroi) Brakc-lylfM'kx a»<] Steel 

Milea pei’ hour. 

1ft 8 Bt'condM. 

{ ;> tu 7 HCconds. 

to 16 seconds. 

0 

•■108 calcd. 

^ •285 calcd. 

•237 calcd. 

0 

•360 i.iptl. 


... 

10 

•320 „ 

•209 ex])ti. 

•" 

•128 exptl. 

, 20 - 

•206 „ 

1 ■ns „ 

30 

•184 „ 

• -in „ 

•098 „ 

40 

•134 „ 

•100 „ 

•080 ,, 

■ 60 

■100 „ 

•070 „ 

•066. „ 

60 

■062 „ 

j -064* 

• -048 „ 



# 

• 


The next table gives the ooeiicienfe’for steel tyires upon steel rails 
J Enginecfjfng, London, Aug. 2S, 1878. 




a 

Tahi.e IV.—Frictk^u oij Whkbl'on Eail. 

Average Hpeed. 

- v , ■ 

Soefflcieiit at Friction boLveen Steel Wheel Tyree anil Steel Raiis. 

Miles per tiour. 

* . • 

iiroiit commeitcement of Bxpenmefit to eiiil of 3 Hecouds. 

_ » 

0 

•141 calculated. ' 

lu 

•110 experimental. 

If) 

•OH7 „ • , 

ii') 

•080 „ 

;jr) 

•O'.l 

-if) 

•047 

50 

•040 




JJetwuen the brako-block and tyre the friction is lii^h, fur there is no 
foreign sulistancc on tlie surfaces. In the case of tlie wheel upon the 
rail the case is different; here the tyre is slij)ping over a more or Itss 
contaraihated surface, and the frietional resistance is siiialler. Tlie 
adhesion of wheels to rails yields a A'ery variable coefficient of friction, 
ranging roughly from 0'3 to O'f, aiHioi’ding to the state of the weather. 
Taking the coefficient of the rolling friction of the wheel upon the 
rail to be O'ff at all sjieeds, in ord^ry weather at ffD miles per hour 
w^idky iiiako the weight ujion the blocks ecjual to the weight of the 
vehicle, but at higher .speeds, say GO miles per hour, about two and 
a half times this pressure will, at the nioment of application, barely 
skid the wheels., ^ 

(In the diagram (ffg. 1) some of the figures obtained by (laltoii and 
Westinghonse have been plotted with the corresponding tligjiretieal 
static coefficients. The curves drawn through them arc^iogarithmic 
curves, the rate at which the friction decreases being approximately 
proportioyal to‘the coefficient of friction at each sjieed. In other 
words, the slojie of the curve at any point is proporf jonal to the length 
of the corresponding ordinate, and if the logs, of the ordinates had 
been plotted the result would have been straight lines. 

This decrease of the friction with increasing speed occurs both with 
the friction between the wheel and rail and with that between the 
brake-block and tyre. In the former instance, the contact surface of 
the tyre is constantly passing over fresh rail, which maintains unaltered 
the nature of the contamination and keeps the tempen^nre frcjpn un¬ 
duly rising; but between the tyre and the brake-block there is no such 
constant supply of foreign material, and the contact surfaces^ conse- 
.,quently alirudf. each other and heat very mpidly. This heating woufe 
seem in a great measure f!b be the cause of the decrease of the friction 
wliicb oocure when the siiKigios have {leeiijin contact sevemteeconds. 

Lawn of Solid Friction.- —Thp^laws of soud friction as enunciated 
by Coulopib are ipproiimately corl’ect for moderate speeds and 
ordinary loads, but, a8,tbey are not applicable at all speeds and loads, 
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Coefficients of Friction, 


30 *o * SO 

Miles per Hoar. 
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XCBRKjATIOJf AND* LDBBSCANIH, 


the laws of fjiction between clean or slight^v Ijontaminated surfaces 
may be%nore cor.«ctly stated aS follows:— * 

1. The frictional resistance is approxiuiamly proportional to the 

load on the rubbing surfaces. ,• 

2. The frictional resistance is slightly greater A’or lai%e areas and 
small pressures than for small areas and groat prcssuires. 

3. The frictional resistance, except at very low speeds, decrease 
as the velocity increases. 

The truth of the first law is easily deinonstrated by a machine such 
as Morin’s. • 


With a slider of cast-iron on a slide of the same metal:— 


A weight of -hO lbs. rc<juircs b llw. to draw it along. 
•’8 4 

>♦ -t’ )) I I) 

14 2 

J» * 7 tJ 


For tlie coefficient of friction of cast-iron upon cast-iron we have, 
therefore, • 

8 4 2 

56 = 28=U“-'« = '^>- 


Kennie obtained ’163 for this coefficient. The value of /ij is, 
therefore, according to these figures, approximately independent of 
the area of the surfaces and the load, provided abrasion does not 
tlkf place, but it varies with the condition of such surfaces. 

Theory of Solid FriHion ,.—Helc Shaw ' has attempted to account 
for the laws of solid friction in the following manner. Suppos¬ 
ing the surfacet to be smooth and worn to their normal condition, 
there are even then only a certain very limited nuinber of points in 
poytact, and further wear merely removes groups of par(jalc«f leaving 
other hpllows, or, if no wear is taking place, merely displaces the pro¬ 
jecting particleg. .\iiy increase of pressure brings a larger number of 
particIes*into coiitact, and so increases, to a proportional extent, the 
'frietioij, or anjount of rubbing and consequent heal produced. Hence 
the friction varies with the pressure. For low velocities, uho constant 
resistance simply depends on the number of jlkrticles in contact, and, 
as this at any point is the same, the friction is not altered; when, 
however, the velocity is very high, it may be that the surfaces are 
slightly separated, and the friction is thereby reduced; and it may 
also be that prominences on one surface periodically displaced, but' 
not permanently removed, may not regain their posftion with suf¬ 
ficient rapidity to make contact with as many jjarticles on the other 
surface as they otherwise would. • • • 

' Bolling Friction.—l^hen a roller passes over an elastio surface 
ijie contact is not line cc^tact; both the roller and the ^jjrfeoe upon 
which it rests are, acoordjt^ to Osbo»ne Reynolds,^ defonnSS byfthe 
pressure. ^ « 

' ChntDr Lediires on Friction, 1886, p. 13. 

A Phil. Trano., 1876, p. 166. • 



18 


F^CTIO* OF SOI '’* 


In fig. 2 Sn iron wilier is represented moving o’^or a surface of 
rubber. The rubber iif distort^ b^ the weighto of the roBer, and 
slides or rubs against itfat points near C and D. For some distance 
on efuih side of the centre, P, tliere is no slipping, and this area of no 
slip Increase* with«the friction be¬ 
tween the surfi^oa. When both the 
roller and the suifaee upon which 
if rests are distorted, the conditions 
arc similai-. 

It as conceivable that the use of 
an unguent for ball or roller be.ar- 
ings may so increase the area over 
which slipping take.s place that the resistance to rolling may be 
actually increased. The lubrie.ant, however, in some measure, pr^- 
vei*tg the wear of the .surfaces. In the case of rubber tyres, rolling 
over rough, uneven ground, .such slipping is not largo, and the 
resistance to rolling is correspondingly small. 

'Wio laws of rolling friction would appear to be identieal with those 
of sliding friction, with the jnwfso that the resistance varies invarsoly as 
the radius of the I'olling body. The law may be er pressed as follows :— 




( 2 ) 


where p,j = the coefficient of friction, W = the load on the roller*>'j= 
the radius of the rolling body, and R = the frictional resistance. 

The rate of slipping at the contact surfaces is so slow that the 
coefficient of friction, .although it probably docreasiM as the speed 
increisos, does so very slowly. 

Cause of Heating.—The energy which is expended in overcoming 
the fricfIBl® resistance of two rubbing surfaces and in keeping them 
in motion is converted into heat, and raises the temperature of the 
masses in contact above that of surrounding objects. When the 
amount of friction is small, the rise of temperature is also small, but, 
should the frictional resistance become large from atiy cause, the 
heating of the materials in contact may become so great that the 
opposing surfaces either become brittle, melt, or even weld together. 
It is clear that some relationship exists between the work done and 
the heat produced. The significance of this relationship was first 
grasped by our countryman, James Prescott Joule, who experimentally 
demonstrated ^hat a given amount of work, however expended, always 
produAs a flxe(i quantity of heat. In such oases as the lifting of 

weight or the bending of a spring, energy is rendered potential, 
but this stored energy can lijfewiso produce its proper equivalent of 
heat. * * * 

Befor^he relationship between work^ atiergy, and heat can Bb 
formulated accurately, we %m8t be ^le'to measure both work and 
heat in some exact manner. TBs unit of heat used in this country 
is the quantity which wiU raise one pound of* wAer, at it% maTinuitn 
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density, onc^de^reo F. in temperature. Wli^n the C.G.S. or metric 
system is used, it ii^ the quantity of ^leat whith will raise one gramrte 
of water from 4 C. to 5” 0. Work, on theVthcr hand, is measured 
by the produet of the average resistance and displacement. Xbns, 
in the ease of a sliding surface, if the force retp^red t 0 |.maintain the 
surfaces in relative motion be one pound, and the dijitance travelled 
be 779 ' feet in each second of time, timn the work done each second 
is 779 foot-pounds. Tiiis amonnt of work lias been proved to Se 
just sufficient to mise one jionnd of water, when at its maximum 
density, one degree in tempeniturc. 779 foot-pounds is callad the 
mechanical e(|uivalcnt of heat, and the constancy of its value under 
all conditions has (’stablished on a firm basis the law of the C/Onserva- 
tion of energy. To tlic engineer tliis is one of the most important 
generalizations ever arrived at, as it a-ftbnJs a ready moans of answer-* 
ing many problems which would otlierwiso be difficult to solve. ^ 


Making W = the total pressure in lbs. on the nibbing surfaces : 

= the coefficient of friction. , 

^ c = tlie speed of rubbing surface in feet per minute. 

Then, AV/Aj =tfie frictional resistance. 

W/Ap’= tim ‘'oot-pomifls of work done per luiu. 


Wu r 

=tlie tlicriiml units gcneratral per min. 


1 We 


thus see that tlie liesit lihcratofl by any lioaring surface is 
proportional to tins fi'ietion. In some oil-testing machines the rise of 
tcmjseratnrc which occurs is measured and is taken as an indication 
of the resistam^-' to motion which the surfaces offer. The aetunl rise ' 
of temperature depends, of course, not only upon the rate at which 
heat is liberated, but akso upon the condnetivity of tjjg heated 
surfaces. The frictional resistance cannot, i-hcrefore, bo proportional 
to the rise of temperature. 

Solid lubricints are all sul)stance.s, such as graphite, soapstone, 
itc., which, although they may often be welded into more or less 
iolid masses *by pressure, oppose comparatively small resistance to 
shear,’ or to the movement of smooth surfaces in contact with them. 
They differ in their action from fats and gre.ases, inasmuch as the 
attor melt and form oils at comparatively low toinjieratures, whilst 
die solids referred to maintain their condition unaltered between the 
lurfacos, and prevent seizing or tearing even wlicti the frictional 
rosistanoos raise the temperature of the bearings veiy cons’i^rably. 
The oooffioiont of friction of such lubricants is, however, high, and 
vhen oooifomy of power is of consequence, diquid luVirioanfjj and a 
iuffioiently Iqrge beariiig^surface should 4)e used, wherever practice hie. 



CHAPTEU II. 

INTERNAL FRICTION OR VISCOSITY OF LIQUIDS. 

PLASTIC FRICTION. 

Introductory.—Before mincnil oils were introdiieod as lubricvants, 
engineers liad little reason to study the theory of viseosity, or to 
specify the partieul.ai' fluidity of the oil.s they wished to make use 
of, for the imiuber of auimai and vegetable oils availalde f^r lubri- 
c.ation is limited, aud the degree of viscosity they exhibit does not 
vary much in different s.amples, a little cxpcr#neo being usually 
sufficient to determine the uuxst suitable description of oil for the 
purpose ill view. But since the iiitnxiuctiori of mineral lubricating 
oils, which can be prepared of any desired viscosity, the moasur^ont 
of this property and the study of its influence upon lubrication have 
assumed great practical importance. 

In this chapter we iiurjxisc discuasing the nature of viscosity and 
viscous flow, including the theory of the viscometer.* The bearing of 
viscosity on lubrication will be discussed in Chapter IV. on “The 
Tlieory^Maibricatioii ” ; and practical vi.scouietry, or the method of 
measuring the visi.osity of lubricating oils, will be reserved for 
Chapter VI. on “ Physical Propertie,s and Metliods.of Examination 
of Lubricants.” ^ 

Nature of Visdbsity.—All liquids exhibit viscositjn although in 
varying degree. Thus, if .a vessel of water be tilted aiiil then 
quickly brought back to Its original jiositioii, so as to set the water 
ill osoillatory rnoticii, it will be found that with each swing the 
amplitude of the oscillation diminishes, and that iii a very short 
time the inovoment ilies aw'ay or becomes imperceptible, and the 
surface of the liquid comes to rest in .an exactly horizontal po.sition. 

If • simila^ experiment be mode with sperm oil, a much greater 
rosistaiKe to movement will be observed ; the osoillatioss produced 
will not only bo much slower, but will also be fewer in number. 
V<*y viscous oils, such as castor, aud vis^d liquids Rke glycerine 
and treacle^will not even oscillate; such lijpiids merely flow steadily 
unjil th‘?R free surfaces ar# again homoiftal. In all cases the move¬ 
ment ceases sooner or later, aiK^it is oRe internal friction or viscosity 
of the liquid which arrests the motion. 
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Cohesion and .Viscosity,—Some writers havw assumeA a relation¬ 
ship between vi,sooBii*.y and cohesion, *but no ciiinoction has yet beej, 
proved to exist, (ionsulerations such as the fallowing will show that 
there is no necessary relation between them. 

A sphere of soft iron may he slowly rotated around tto pole ‘of a 
powerful magnet with very little difficulty, althou^ oonsidorable 
force i.s rocpiired to draw' the ball and msignot apart. Similarly, the 
molecules of water move about each other with groat freedom, anfl 
the li(piid has a very low viscosity in consequence ; yet, according to 
the oalculations of Voung and Dupnh the force required to tear the 
inoleoulos apart is ccpi.al to a imcssure of about 25,000 atmospheres. 

Viscous Flow and Lubrication.—As the value of an oil for 
lubricating dciiends very largely u]Hm its viscosity, the laws of 
viscous flow will be (joiisidcriid at some length. We will endeavour ' 
to state the uiathematies of the subject in as simple a mannej>aa 
possible, illustrating by means of diagnuus those conditions of flow 
a fairly eomphite explanation of wliieli is neco.s8ary in order to obtain 
a proper understanding of the {Kirt viscosity plays in lubrication, • 

The conditions of motion of a fluid film enclosed between two 
relatively inoA'ing surfaces dilFer somewhat from the flow of the same 
liquid through a Ci^jullary tube", lu the one histfince, we have the 
eouditioiis obtaining between lubricated surfaces, and in the other, 
the conditions of flow under whj|(}i viscosity is most readily and 
aqcnutely measured. 


Viscous Flow between Parallel Horizontal Planes having 
Differential Tangential Motion.—When a fluid lubricant is inter¬ 
posed between ^vo .solid surfaces, one of which is in tangential motion 

and the other at rest,"that 
^ portion of the fluid which is 

in contact with jffi(f^dhertnt 
to the moving surface is eon- 
strained to move with it, 
while that portion which is 
adherent to the surface which 
is at rest remaitis motionless. 
Between the two surfaces the 
fluid may bo regarded as con¬ 
sisting of a series of super¬ 
posed layers, each moving at a speed proportional to its distance 
from the solid fixed surface. This, the simplest form viscous flow', 
is illustrated in fig. .‘i. ' *■ 

A stratiKU of a viscous medium is enclosed between two*parallel 
planes, XX and YY, the ui)per of whic^ is supposed to be 'moving 
with nniform'velocity in#tlie direction of the arrow, whilst the lo'Wer 
rfimains fixed. The ui*tiou of the fluid must be ectosadered as 
having reached a steady .state,^the fdree Juoducing the motmn being • 
supposed to act fojelv along the splane XX in the direction of 
the arrow. 



Fid. ,‘i. 




INTEKN^I. PKtftTTON OR VISCOSP?' OK LIQUIDS. 

The liquid medinnt p\a.y ])c I’c^aj-dod as m:ule up a ^erics of 
. infinitely-thiii supcrpoi-- planes (a coan>5e illustration being a pack of 
cards), the tojunost aiicl lowest of which arc licl 1 by cohesion in 
iiun^diate contact with the solid surfaces. The topmost plane of 
liquid is, thefreforo,^jairied along by the moving surface XX, and the 
h)WC8t plane is^iold sUitionary by the fixed surface YY. The inter¬ 
mediate planes of the Itfjuid (iorivc tlieir motion solely from that of 
the plane XX, the force acting ui)on winch is propagated downwards 
from stratum to stratum by the internal friction or viscosity of the 
fluid.* As the frictional resistjiiice is absolutely uniform throughout 
the fluid, each li(juid plane juust move over the one immediately 
below it exactly the same distance in the same time ; and, therefore, 
any row of points ii^, ctaitignous plarjos, forming at one njomciit the 
*ycrticai straight line f'jBj, will have moved, after a certain interval, 
intA‘.>ipositions on the inclined straight line AjCj. If the length of 
the line AjB, be taken to represent the velocity with which the upper 
plane is moving, then the length of tiu lino PN" will represent the 
velocity f>f the fluid at auy }M)int in the ph.ue passing througli Iv. 
In such a case, which is virtually that prcsentcfl hv a properly lubri¬ 
cated })earing, there is no friction iM'twecu the two >ohd surfac.es, for 
they do not touch, and yet force, continuously applied, is re(p?ired to 
keep till' surfaces in relative motion. The frictional resistance, as 
already point(;d out, is Avliolly due to the sliding oi the liquid layers 
one over the other, i.e. to the resistfince offered by the liijuiS to 
shear. It lias l)cen necessary to deal with this subject in some detail, 
for the action of a lubricant is sometimes stated result from the 
i'olliii'i of the niolecuies of the lubriefint over eiich ot’vir, and over the 
solid siirfac.es between which they j)aBS. Such a view, however, 
cannot be j^tified by an appeal to experiment. 

Till* fori'xi required to maintain continuous relative motion between 
opposing plane surfacca, such motion )>eing of the natme of a shearing 
stress, is measured by the stress per unit area of either of the planes. Thu»^ 
we may write • 

F=/A.(1) 

where F is tlie total force, / the force per unit area, and A the area of the 
planes over which the atrefic acts. 

Since no .slresses otln f (han those trausniilted by shear act on the inasa of 
liquid ahr„, any .section through it larallcl to the two bounding planes is 
exposed to the same stress per unit of area as is the liquid in coiitact with 
the plains. If becomes the po.sition after the lapse of one second of a 
normalTirio of section, such as BiC'„ then the inclination of tljc line AjPC; 
will bo t.'.o same throiigln-iit its length, and it mnst be a straight line. Also 
the longih B, A, ropresenUi the velocity of the upper plane, and thq length 
NP '.he velocity at a dtsianoe B,N from XX. '% * 

Hence,, sill'S we may write where n is the velocity 

A. X ' 

at a aistaiice x from YY, and Vj and^^r^, art'lhoir values at the surface XX. 

The stress/ is, therefore, proportional to which we. may ci^l tlie rate 
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of difltortion, ?.Tirl 'we may make* 

^ f 


• (^) 


where v is a constant which varies with the temperature for any liquids' 
is known as llio aiefficimi of viscomty of that li(]U!(!. '' “ 

Furtlier, t 


V^fX-ftih 


(3): 

. ( 6 ); 


-n'i.A 


(J); =-afA . . (f) 


?i,A 

Also, the rate of distortion 


andi’, . . (7) 

i)(th 

r„ ijA ' ■ ' 


( 8 ) 


' Viscosity in AhsohUe Measure .—If r,, A, and Tq are each unity, then 
7 j = F, and the viscosity r; of a substance is then measured by the taiiKential 
force ]ier unit area of either of two horizontal jdanes at the unit of distance 
apart, one of which is fixed, while the other moves with unit velocity, the 
space betsveen the planes being filled with the viscous suijslance. 

By the establishment of the alawe simjde working definitions we tire able 
to form erjuations apjdictiblc in all problems involving viscous flow 

Both in the meas,uvemenl of the viscosity of various liquids, and in the 
problems which have to he solvcfTin the theory of lubrication, it is necessary 
that we should be able to find the volume of the liquid displaceil under 
varying conditions. Although this ajai he simply accouqilished by methods 
ij_>v«tving the calculus, it is better hir the clearer undei'.slaniling of lubri¬ 
cating problems to attack the matter geometrically. 

The volume V swept through by any cross section H,B 0,0 in moving 

to the position ,A,A G,C —.( 9 ) 


and this is a measure of the volume of liquid displaced. 
Substituting for o, its value from equation (7) 


and for F its value from (3) 


Pr X 

y—EJs 

2ar} 

vJlolb 

2v 


( 10 ) 

( 11 ) 


ViBcouB Flow under the Action of Gravity between Fixed Planes. 

—We have hitherto considered only the conditions of flow which 
result from a stress applied solely at a Ihpiid snrfaco parallel to the 
direction of flow, the viscosity of the fluid sotting in motion the whole 
mass in such a way that the rate of shear is every w;here the same. 
But wlien tlie liquid flows between two fixed jiliino (inrfaceh,'parallol 
to each qther, and the force setting the fluid in motion atete either 
upon each particle of the liquid, or cqnp.lly over the whole of ti section 
normal to the directioifW flow, the velocity at different points ifa the 

liquid is not proportiouaC to the distapoe from the soKd'.d.rface,— 
ff. « 1* 

•> 

peases to equal -J, hiid the rate of shear is not the same at all points. 
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Althoiip^fi neitlicr*(n the inoiisiimncnt of tbo visroiis constaiitu of 
•lubricants, nor under^be couaitious obbiiifing when lulirfeauts are 
applied, do wc meet with <iuitc the conditions o4 flow whicli obtain 
between stationary parallel planes of infinite width, it is advisable to 
consider tllis ])arjlicular ease; for it serves to bridj^fc over the gap 
between the# conditions under which a 
Jubricaut really works, and those under 
which its viscosity is measured. 

Tn fig. 3 the rate of stiear, which is the 
same at all points, is indicated by the slope 
of the straight line Aj(',; hut wdicn the 
rate of shear varies regularly across the 
section the line Ijccomcs curved, as is shown 
in fig. 4, when the A'is<;ous lupiid is mi|h 
pofied to be flowing hctw'cen two rniiraf 
parallel plane surfaeos XX and XX, under 
the iiifiuence of uniform pressure ajting 
on the surfaces on each side of YY. 

Here, in pl:u;e of a force J\ acting on unit 
area of VY, pandlel lo the direction of 
motion, we have a ]yressure />, acting on 
unit urea of the surface />r,„ normal to the 
direction of flow. This force may msult 
citlicr froni the pressure of a litpiid wdumiu 
or it may he regaixled as the eflect of 
gravity acting svith an e<pi!il force on each 
particle of the licjuid. In either case the 
nature of the flmv is the same, hut it is mr»re couvenient to treat 
it as h^yj^duo to a pressure p, acting on a surface normal to the 
direction oFflow. 

If we take a length a at either hounding plane then the whole 
pressure on the section there tonds to shear tlie Uqui<!, the total pref!flur% 
on half the cross seciiori haing • 
and from (8) the rate of shear at the boundary 

JjKjr,, .(, 2 ) 

/jta -rtii 

We aho find that at any di xUmcc r from YV the rate of shear^^- . (13) 

and wasce thaltlio rate of shear is directly proportional to the distance r 
from tno p]s.ne vy. Tl'ut is to say, at any point (' (lig. 5) in the liquid the 

i>te of pTaear is iiroporLeaml to BC. NoW^ is the nite of shear, CA being 

tangential to tlie curve at (1, Draw CD perpendicular to OA, lo cut the 

centre lits in U. Then we he,ve ^ ib proportional to i 

BU B4I# BA UB 

■pr\ • I ^ 

(see above). Therefore is proportional to ‘ *orS3D> constant. 

BD ^ * 
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But B]) 18 tin suljniirmal of tlie curve which can ea.uly be shown 

to he a jiaVahula, and tf.ierefore the Vohiilie o( (luiil iiassed on each side 
YY, in unit time, is half the volume of a jxiraholic Juism CjK|C, of length h. 



Now, since the curve is a jiaralKila, 



ind, from equation l:i, 

iherefore, 

ind 


U^A, _ 

rtu ’ 

n A 

I., A, - 

na 

B.E, . 

‘ 271(1 


• (H) 


Now, the volume enclosed by the iiarabolic curve n|E, = f the area of the 
Kise X the iierpendicular height. 

'J’herefore, the volume pus.sed in unit of time on each side of Ife plane 

YY = I X r,|6 X ffit-.. (15) 

2iia , % ' 

" .06) 

^nu tlie volume j^ussed in any time {t) wil] bo t 

.(17) 
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Viscous Vlow thft)ugh Cap^lary Tubes.—As will .bp scvn wlioii 
the theory of lub/ici-tioii comes U) be disluasiid, the conSitioiis of 
viseouH flow obtaining between plane surfaces arc /II important. Still 
sn^i conditions arc not tliosc under which the coottiejent of viscosity 
y; is most •accurately and Civsily measured. Tlic most concordant 
values have been obtained by measuring the rate of flow thi’ongh 
papillary tubes in wliieh, as between plane surfaces whoJ’e the flow 
results from the [)rnssur(' of a given h{‘ad of iHpiid, the rate of shear is 
greatest at the hounding surliwx*. 


Fig. 0 shows diagrainmatiwilly the conditions of flew ehUiining in a 
(vipillarv tuhe, at a point some distamv from the end at which the liquid 
enters, the flow having readied a state of tHpuIihrimii ; for at the inlet end 
the cilccts of inertia manifest themselves. 

Tn a ])ortion of tube of length a, the whole j»rcssm*e on the cross sectfbn 
(fj(^ tends to sliear the liquid at tlic bounding surfacej and the area over 
which this j)re.s8iin* ai'U is eijiwl f-o 2irr(,{f. Now, the aivn, of the cross section 
of the tubc = Tr7’„”. Tficrefore, thii total jiressum over tlic cross section 

—Pttt,,-, and from (8) the rat/C of shear at the ho-»ndary= 

7} X 2irr„ it a 

9 


which resolves itself into 


27ja 


(IH) 


111 the cjiM* of a small e3*linder of liquid eoiieentii' with the tube and of 
radius r, the rate of shear at its l^Hiiidary—i^ . . , . T fl9) 

2iia 


Therefore, tlie, rate of shear i.s dire<jUy ]»ro]MirtionaI to the tlisUim^e from 
the ^.entre lim^ of the tube, ami the curve indicating the Ate of distortion is, 
as in the (vase of the ]iarallel planes, a parabola ; and the volume jiassed in 
unit of time is the volume of a j«inil»oIoid of revolution, having a base of 
radius a heiglit -^JijEj = 4BiA, (fig. 5). 

From (IH) we have 

B,C, 27}a • • • • 


Therefore, 


and 


1!,A, 


2v'f 


K E A 
I.,A, 


( 20 ) 

(21 


. (22) 


Now the volume of a paraboloid of revolution | the area of the hase x 
the per]iendioular licight. Therefore, the volume j«issed in unit time 


- i X irffl- X 


4^1 


• ' ?><■«* 
8 ija 


% 


• (23) 
■ (24) 
. ( 20 ) 


And the volume V passed in aiy givetf^irue—^ . 

We may find exprestyeu for the vibcoeity of the li(|^id fi'ixu the above, 
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l>y auljfcitituting .Cor y its ei[iiivfilent in t.>.rnis of tlid'liead an(^ density of 
liquid, and tlic fonxi of'gmv'ity, 1 


i 


KX'ft 


126 ) 


_ I’qisunilki was the lir.-l to ueiu(iii»trati'exjieiinieiitjilly that tlte volume of 
liquid jiassed hy a capillavy Inlie is directly projiort.ilmal (;i tlie pressure 
urging it along, and t,o llie fourth j«)wcr of the ra<Uua of the tube, and in¬ 
versely as il.s length. On this account tin; above* is known as Poiseuill^s' 
/orni,(tdt, and may he usikI, after making a small eorreetion for h, for the 
purpose of calc.idating nbmliite vi.sco.sitieii. 


Physical and Mechanical Viscosity. -As Oshornc lleynolds Inw 
pointed (Hit,' it by no means follows that for each jiartienlar liquid 
a fixed value of i) iieetl iie(a-s.sarily exist, such that/enleulated by 
ecq.iation (i) agrees with the values of / deteriidned’hy e.xiieriment 
for all valims ol o and ty. .As a matter of fact experiment shows 
that liquids iiave a])pa,r('ntl\’ tw'o vi.seosities; for, as is well known to 
engineers, in large pipes the resistance to flow varies as the square of 
the veloeity, and not direetly as the velocity. Wdien such is the 
ease, q is not constant in value. 

(larefully eon'dnrted oxjM'riinonts by tloulomb, roiseuillo, and 
others, on the rate of flow throngh long capillary tubes, have jiroved 
eonehisively that the resistiineo muler certain conditions is pro- 
])ortional to tlic velocity, and tlWit -q has then a constant value. 
Poibeihlle’s experiments also proved that the volmiie passed varies as 
the fourth power of the Kidius of the tube. Such being tlie ease, we 
may safely regaj’d the How' of liquids thrrrugh tubes of very small 
bore as being eou.,rolled by the physical viscosity (if the liquid, and 
use o(piation :16 as a means of Kilciilatiug the* value of q when the 
other values have been dotermiiieil experimentally. IhliKl'he fact 
must not be lost sight of, that to obtain a correct result, the size of 
the tube, the intensity of the pi*essure producing the flow, and the 
viscosity of the liquid, must Iiear certain relations to each other. 
Iho reasons for this have been suceessfuily worked out by' Osborne 
Reynolds, wlio demonstrated that the two visoositics, physical and 
mechanical, result from a change in the charaiter of the flow from 
that of direct parallel to that of sinuous or (iddyiug motion. 

To show this change in the nature of tlic flow when the velocity 
reaches a oertivin value, a long, hell-inouthed glass tube was immersed 
horizontally in a tank of water. One end of the tube passed through 
the side of the tank and was bent vertically downwardt for several 
feet, being /onninatod by a stop-cock. By partially opening or 
closing this cock, tlie water could ho made to flow through tlic tube 
■at any desired, speed. Terminating oppokito tlie bell-moutbed tube, 
aiiil immersed in tlie wafiV, was fixed a iiuicli smaller tube through 
which a highly euluiired stroim of water wes disoharged. Wii:n the 
speed of flow' was small, the eJAlourral steam passed through ike 
whole length of the i JoK-mouthed tulie as a perfectly straight line 
'■ “TWjiy nf Lubiiaitiou,” I’hil, Tram., 188ti, p. 185. 
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(fig. 7). W^en, howivev, by oDcniug the cotk, the speed reached 
!i certain value, tlie bai^ of colour sltddenly broke up and disioloured 
the wliole of the Ikpiid. By the intermittent ii^t of an electric 



Fl(i. 7. Fie. 8. 


«|«vrk, the inas.s of colour resolvcnl itself into a series of more oi less 
(listiijpt curls, .showing eddies, as in fig. 8. 

series of o.xpcriuicnts made it clear that so long as the flow 
remaiiu'd direct and steady, the I'csistance varied directly as the 
velocity, but as soon as the (u-iticiil sjxwd was reached the resistance 
became pro]x)rtioimI to the wpiare of the speed, or thereabouts, and 
sinuous motion was set up. The critical sjreed was fomai to vary 
directly as the visco.sity, and inversely as the diameter of the tube 
and the density of the li'juid. 

Although it is an c.xjicrimcntally ascertained fact that there is a 
certain critical speed for each size of tube and each liquid, below 
which the resistance varies directly its the velocity, and above which 
the resistance is proportional to the sipiare oi the velocity, the 
reason for the change in the nature of the flow has yet to be 
.satisractorily c,\[ilidned. 

We have thus two essentially distinct viscosities; the oiie a 
mechanical viscosity, ari.sing from the irregular motion of the nufd, 
and the other a true physical property of the fluid depending in 
some way upon if,s structural peculiarities. Although the value of 
the physierd viscosity determines in some mcasine which of the 
viscosities shall control the flow of the fluid, when the flow is once in 
accnrdancl?^wi±h the mechanical viscosity the physical vi.scosity does 
not in any direct w.ay show itself. Thus, when in i particular tube 
the Velocity of oil or treacle is suflicient for the resistance to vary 
as the square of the vol(x;ity (*.«. for the liipnd to flow with sinuous 
motion) the resritauee is practicjdly the same as it would bo with* 
water at the same velocity, although the physical viscosity of water 
may bo more than a hundred times less than that of the oil.' 

The critical velocity is rarely if ever reached by lubricating films, 
and when the lubrication is perfect, the resistance to relative motion 
is duo to the physical viscosity of the lubricant. 

The possibijity of slipping at the boundarips, or of internal disruji- 
tion, must not be lost siglit of. So far, no indication of this has 
been perceived, either in water or liquid lubricants, over when the 
tangoinial stresses to widely they have been subjected in narrow 
channels have been as high as 0'702 lb. pajumuare inch.* * 

Determinations of viscosity made by measuring the i-esistance 
offered to the motion of discs or eylindefs immersed in liquids are, 
for the most part, unsatisfactory. In’such ciusej turbulent motion 
^ OsboJiie Roynolds, Phil, Trans., 1896fp.J»)3. 
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is looally, if not ^eneriilly, sot iij), and the rasults art/ misleading. 
For tliiBceaao'ii suoli^mcyiods of RicaSiiring, orjattompli.ig to raeasurg,. 
tlie viscosity needyot be referred to here. 

Efifects of Temperature and Pressure.— Witli rise of temperature 
the viscosity of liquids decreases—sometimes venv rapidly. In'this 
respect liquid luiiricants diller greatly from eiudi pthcr. Oils of 
ariim.'vl and vegetable origin retjiin their vi.seo.sities better than those 
of mineral origin, hut they all he<!oine very mobile with rise of tenf- 
perature, and lose, in a great motuiure, theii’ lubricating value. Not 
only is it necessary, therefore, to kocf) a liipiid, wliilst testing it, at a 
very uniform temperature, but the effect of varying temperature must 
be carefully obsei'ved. 

Viscosity varies also with |)ressure, water having its viscosity 
decreased by this means. On tlie other liand, lionciaitrated solutions e 
df common salt have tlieir viscosities increased by pressure, as.has 
also oil of turpentine. No experiments, however, seem to have been 
made to ascertain the changes of viscositj' which lubricating oils 
undergo when under great and varying pressures. Such information 
would be v.aluable, since lubricating films are frequeiitl}' subjected to 
very coi.siderable loiuls. 

Conditions determining Steady Flow.—The fonmihe obtained for 
the flow of liquids through cajiillai’y tubes only hold good, as we have 
seen, so long as the flow is direct ai^ not sinnons. When high pressures 
and q^m[)aratively short tubes ollarge liore are employed, the litpiid, 
if not very viscous, ceases to flow .steadily in patlis. parallel with the 
bounding walls; the motion becomes sinnons, and the resistance 
offered to the flow of the liquid ceases to he directly projiortional to 
the velocity, i^iie length and diameter of the capillary tube, anu tlio 
pressure witli which a liquid (of given viscosity and density is forced 
-through it, must therefore be properly proportioned to eaCTPbtlior, or 
the pliy'sical viscosity eamiot he oven approximately determined. 


Osborne Reynolds' has found that for the flow to be steady the product of 
(the mean velocity v, the radius of the tube r„, and the dtnsity of the liquid p, 
divided by the Viscosity a, must—in the case of a round time—lie less than 
a certain constant r. 


W<7«).(27) 


This constaul (700) is the same whatever system of weiglits and measures 
he adopted, for the divisor and diviilend eacli involve the .same jxiwers of 
lenatli, mass, and time. ^ 

When the value of c is less than 700, the volume of liquid passefl ia, as 

hf^ir„H ( 


already deni.mstratefl, 

d 1 

* * t 

and the mean speod of 


*^8,a . 


*k0r„H 


Phil. Trmis., 1895, p. 149. 


■ 128 ) 
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in <!(|ual)ioii (27) tli*-|vahi(' i>f S in e<[uati(^ (2R) wn liuvn 

' * . * ■ (iU) 

and** • .(30) 

UnlfSM Ujc pri»|)'irtiaiiK of tlic vjscomcUir, and Uic pljjsical ])ro))ei't.ies of 
Hiu liquids Used in it, iu* in accoi-daucc with tin* re(jtunimi.MiLs of this 
(‘([nation, tlio (low will )k; nnsltjady, and tin* truo visoosit}’ cannot bo 
oalonlaLod. Wlu-ii ab!*idnlo viKcosit.iiis arc; desiintd, tlic viHconnMor shonJd be; 
tlesi^^ed .s(» as to make the vahn; of c as small as ]K)Ksible. 

J3ut simnjiis motion, even wlien c is very inneh grealer than 700, does not 
set in, as will ])e seen from li" 8, immediately tho Ihiid (mlere the tube. 
With tubiis liaviii^' truni]H;t-shaj)ed orifices the. disturlmnces appear and the 
How becomes sinuous at about thirty diamctei-B fitmi tlie end ; liul. when the 
end is Hat ihe distmhanec^ a[>proac)i tlic inlet end more cd<«sely. Tlie How 51“ 
lujulds in very short vubes is, therefoni, free from eddies, even thuugli the 
vi>c.(>sit\ of Uu; liijuid, the dianiet^^r of the tula*., and the I’ate of How may be 
such as to make c ^'reatcr than 700. In such cases, althon^di the How is 
steady throu^liout tin; tube fur some (Iisl«aTie.e fron* the inlet, tin; veloc.i ties are 
not such that tlie rate of distortion is pro]iortion«il to the distaiice^Vom the 
centre. Such short tulie.' may, tlicrefoix*, be used to obMiu*ifom]>arative, but 
not absolute, visc.ositias, even wdth very mobile liqiijus The conditions 
which determine whether the How sliall he steady or unsteady are often 
very com]»k‘X, for the stream lines may lie jiarallcl, as in tulms or hetwee^n 
parallel surlaces; convergent, as in a coiiieal mouthpiece; or divergent, 
as in the latter case when the motion is rcvcrMjd. * • 

Tlie eircnnistances wliieli conduce to a, direct fsteady motion are— 
(rc) high viscosity or Huid frmtion ; (ff) a free siirfaee^as in a fountain 
jet ; (c) solid couvorging Ixuindaries ; and (d) curvatiii*c, with the 
velocity greatest outside.^ 

The cit^umstanccs which conduce to shuiuiis motion are—(n) 
particular ^’ariati(m of velocity across a stream, c when a stream 
flows through still water: (h) solid iKuiudiug walls : (•') solid diverg¬ 
ing boundaries ; aiid ((/) curvature, with the velocity greatest inside. # 

Energy of Flow tlirough Capillary Tubes. —When'the coefficient 
of viscosity is calculated from i*oiscuilJc’s fornuihi (26), it is assumed 
that the character of flm motion is the same at all sections of the 
tube, and that all the energy supplier] to the lupiid is converted 
into heat within the tube. Hut the eoeflieient so ohUined is only 
approximately correct, for not only is there some resistance to the flow 
of tho Ufpiid yutsidc the tube, hut the steady condition of flow within 
tho tiSie is lujt^roai.'hcd until the litiuid has travelled some distanoe 
from the orifice. '’I’ho liquid, when it approaches tlic critical speed, 
often possesses considerable, velocity, and an appreuiahlo ayiount of 
energy then exists as kuictie energy in the iss^ng fluid. \b this energy 
results from 'the pressure due to the licajJ liquid, a deduction dli 
thift account should be maefe if accuracy is. aimed at. 

We have, consequently, four^sources of ejroj 4o consider and, if 
y Proc. Hoyul InslUutiutif 28th March l8l|4. 
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poasiblc, to aljow.for— (a) external vjicoua resiatance in tifie liquid at 
the c'lidil'of the tuMi*; (Im) abnoriiJal conditioiiti of flow at iulot end oi 
tube; (fi) Kurfaec ^'uaion effects at discharge orifice; and (d) energy 
of flow at point of discharge. No corrections have yet been devilled 
for a and ft ^I'liey arc sntdl and become practieiU-ly negligible w'lien 
the tube is long; but wlien the t\ibes, comjxired with tjieir diameters, 
are so short that siiuions motion is not set iij), even when the value of 
(• is nmoli greater than 700, the necessary correction often becomes so 
large tliat the true \’isci>sity cannot be ealenlated even approximately. 
Neither can an allowance for d be made, for a state of equilibrium 
is not reached even at the end of the tube, and the energy of flow 
cannot be found. 

The third smiree of error (c), however, is of some importance, and is 
(Igmetiiiies met by so designing the viscometer that the discharge end 
of the catiillary tube is always immersed in the liquid. An allowance 
on this bead is difficult to make when the liipiid flows diree.tly into 
the air from the orifice, for its value de])ends upon the curvature of the 
liipiid surface as well a,s upon the actual tension of the surface, i.e. 
upon tlio dimensions of the drop.s, or upon the form of the liquid 
stream and the'sujface tension of the lapiid. 

The fourth [d) is important, and can be accurately determined when 
the tube is long and a steady condition of flow is sot uj), for there is 
no reason to suppose that any change takes place in the distribution 
of«cn«',gy as the discharge orifice is approached. 

Correction for Energy of Flow.—That a correction for tlie energy of 
flow ia nci!c.ssary wai, pointed out by Hageiihach,* and his method of 
uieasiiriiig it ha.s<heeii very generally followed. Lal.ely,howover,Wilber- 
force “has demonatraled that the correction .suggested by Hageiibach is too 
small, and that the true correction ia furnhsheo by deducting from the mean 

head, /i,a ipiantity—where fi is the uieiui v.docity of flow through the 

tube. A geoniet*icaI method of demonstrating this is shown in fig. 6, in 
^which the ordinaiesof the parabolic curve 0|K. give the velocities of flow 
at any distance .from tbe centre line. If tliey oe regarded as representing 

the successive values of ’ , where r, ia the maxinnyii velocity, then B[E, is 
equal to unity on this scale. 

The curve CE, is pintteil on the same scale to rtqiresentthe corresponding 
values of i and finally the oivliiiates of the curve B,A0 are made 

proportional to ^ Tjils-c. 'I'lie ordinates of B,!) are eipidl on th» same 

scale to ( ' 

\®i' , a ' 

Now, if we consider a tl^ii cylinder of liquid of radius r, length a, and 
thickness T, its energy is • ^ 

‘ Pogg. cix. 


FkiL Mag.^ May 1891. 
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and is, therefore, proporfional to th| arm of the part oith% curve B,AC 
m. 2 iuaed between the corr^ponding ordinates. * • J ^ 

Hence, the total area of the curve B,AC is proportionll to the energy of 
flow, and in the eanie way it can he shown that BiC|D would he pro- 
portiwial to the energy of flow if the velocity were, constant across the 
B,AC, I!,DC„he nownicasiired uji with a planiineter, 
BiAO will ho fuRnd to he e((iial U> just twice B|1X;,. Hence, the true 
eijergy of How is eijual to twice that ohlaincd on the assumption tliat the 
velix'itv iiiiiftim., .ill th.... ‘ 


’ is uiiifurni all over tin* section, 
ill Uiis latter case, the correction would evidently be - 


true correction i.s 


a./ 


lienee the 


as siiown bv ^V^ilbel•force and (»tlH;r.s. 


When all the values reciuired for ailciilatiiig the viscosity hy Voiseuille’s 
•formula (2(i) are known, the deilnclion necessarv in the value of h is ea ilv 
obtained, for ' 

V 

' .(31) 


(32) 


Substituting this value for v we obtain 

^ 

an o^|)rossion for the n.ijuiml eorreetion. 

Viscometer Proportions.—In onler to oblain the value of 7 } with aocuracy 
it is ueciessary that Llio covK'ction for en(*rgy sliall be 8jnull-.H,'iy one or tw<! 
per cent. A formula for ealculating this ])cr(«;ntage is obUuned as folfaw*; 

The energy correeliou being eq^ual to— 

9 

«- 


Tlierefore, 


= %. 


h : "■ : : KX) : y 
9 

um 

luj 

Substituting for v- the value from (28) 


G4ijAr- A* 


Inlet End Resistance.-fl'liia iii.sturhiug factor has not yet receivefl any- 
tlii^ like coniiiletc experirneutal treatment. 

Fig. 0 shows the inlet end of a capillary tulie into which a liquid is 
flowing. The speed of flow everywhere decreases as we leave 
the centre line, and increases as tlic orilice is .approached. The * 
liquid is eonsecinenlly undergoing shear, Imth inside the luhe ^ 
and ouftido ne* iu ends, and the resulting resistance must he \ 

Mded to,ghal in iie tube if we are to obtain the true viscosity. 

This resistance, and tli.it due to the ahnorinal conditions of * \\ 
flow just inside the tube, weeiiiay allow foi hy somewhat 
increasing the length of a. Some exjierimeiUs,Vic results 
which iTO shall give when we conic to deal ♦ith practical 
visoqpietry,and which were indHe filr the parpose of calibrating 

having short capillary iuhes, sllow that when the Fio. 9. 
rate of now is so slow that, the energy correction iS nSgUgible, 
the viscosity, calc^ted by Foiseuille’a fcruyila, is som^vhat gftater than 
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t!i|jei‘inicnt wjLh yi^.ry long tuberf prov^ it to be. *' The valine we obtained 
for watfcr at ^0° usiug a visednieUir with a* long and narrow bore, lia 
about 2 per rent. gV'ater than that obtained l)y Thorpe and Rodger.* 

Plastic Prictiou.—J’lnstic aiibstiiinaw, sucli as tallow, lard, riioist 
china-clay, (do., difi'ci- from viscous lliiids inasmuch as they I'oyuirc 
that the shearing stress shall roai-h a certiiin value hffore coiitimioiis 
shear takes place. They ran, therefore, permanently retain thsir 
shapes when the stresses are unerpial in dift'erent dirciotions; i.fl. they 
can transmit strc.'sses without undergoing continuous shear. Some- 
times the plastic yield-jwiut is very low, and the snhstatice behaves 
miieh as dues a viscous licpiid. A layer of lard, fur example, placed 
between two smooth surfaces, which are prevented thereby from 
tonehing, rc(inires the exercise of a definite stress to cause taiigential» 
’’motion ; hut when once relative motion is set ujj by the action of a 
siifhciently powerful force, the resistance iuereascs with each increase 
in the rate of shear, in the ciisc of plastic friction, therefore, we 
have something corresponding to the static friction of solid surfaces 
in coutaet; but whether the plastic yield-point varies with the 
pressure noivpal to the direction of flow (shear), or whether the 
resistance is j)ropf . tional to the rate of shear, is uncertain. 

The distinction between phustie or soft solids and viscous ones was 
clearly recognized by Maxwell.- Jrle says : “ When continuous altera- 
tion^)f form is only' produced by stre.sses exceeding a eertaiu value, 
tfic substance is ealle,d a soft solid, however soft it .may be. . . . 'i'hus, 
a tallow candle is miieb softer than a .stick of sealing-wax ; but if the 
candle and the stick of sealing-wax are laid horizontally between two 
supports in siu'imer, the sealing-wax will, in a few W'ceks, bend with 
its own weight, while the caudle remains straight. The candle is, 

. therefore, a soft solid, and the sealing-wax a very viscous'^nd.” 

It is evident that the same siibstaucc, fur instance, lard or tallow, 
may act when jn use either as a plastic lubricant or a viscous one, for 
at moderately high tcmpenitures these substances melt, and may 
become viscous lubricants, i.e. true oils. 

At first sight it would seem that the resistance to shear offered by 
a plastic substance would be so great that'it would be altogether 
imsuitahlo for lubricating purposes. But such is by no means the 
case ; indeed, at very low speeds the resistance to motion of a film of 
plastic grease is often smaller than that of an oil film, for the grease 
film is much thicker, and the rate of distortion is less. 

When two surfaces are forced together between which fcttsre is a 
plastic sukstanee, the pressure or stress is transmitte'd from^oint to 
point, shear takes place, and the intervening Inbrictant is expefled. A 
viscous'liquid under si^di conditious is expelled until the bearing 
surfaces come into contjii t, or the surbace forces prevent further escape. 
Such, however, is not the bas(^it the'intAvening lubricant Bb plastic, 

4 

f'Arif, 'rnuis.t vol. clzxxv. A., p. 397. 
fhcitiy of HeaXy p. 303 (1894 editiyii), 
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for the ncarjr the euffaoee app^iach, the legs t ie jhearing stresses 
become, and long before ihe surfaces‘can touch th' wreacli the^plastic 
yield point, and further flow ceases. J 

lit fig. 10 are shown the experimentally ascertained curves of shear 
for plastic clay, llwe the surfaces Alt and 01.) are approaching each 
other without t»ugential motion. The curves showing tlio conditions 
0 ^ distortion will be seen to differ remarkably from those of a viscous 
fluid, wliioh take the form of })ar.iholas (fig. 28, ji. 67). 

rnfortunately, there is very little exiicrimental data to guide us 
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here, excejit su<;li as is tiiniisiied by tl»e actual working of veliicles 
liibricatod by greases. This aspect of the ipieation <iaii be more satis¬ 
factorily discussed when we come to deal with tile t' of 'hibrica- 
tion, for, as we liave pointed ont, tire actual resistanc^i-.^motion offered 
by oil aud grease films depends upon tlicir thickiie.ss, area, and tlie 
temjicrature pi-oduood liy the friction, as well as upon tlie absolute 
I'iseosity or plasticity. 

Many of tlic greases used for luhrienting pui'poses are inixtiifts^f 
soft solids and viscous oils or .soaps. On standing, the oils sometimes 
separate ont from tlie solids as minute globules, sin pended in a solid 
•matrix. When kneaded, liowever, the oil is sjireadtont and forms 
continuous films, wliioli mucli reduce the resistance to shear. 



CHAPTER III. 

SUl’ERFICIAL TEN.SION. 

Lubrication and Superficial Tension.— Intrwhictory .—Although 
Osborne Heynolds ^ lias proved that the results obtained by 
Ileauchamp Towerwith jiorfectly lubricated journals were entirely 
due tOitlic viscosity of the oils emjiloyed, it lias become clearly recog¬ 
nized by engk'cers that when the supply of oil is insufficient for 
perfect lubrication, and wlioii'tlie rate of friction is very slow, or the 
load excessive, lubrication depends upon other loss genorally understood 
and somewhat obscure properties^' As a matter of fact, a liipiid may 
li^'v® the required vis.cosity and yet not be a lubricant. .1. Veitch 
\VTIson states that hr*/// or viscosity is not the only property by 
whieli the antifrictional value of an oil is determined. Tlie differ¬ 
entiating prinq'plc must, he urges, be attributed to some otlicy 
property. Thurston states that a liquid, to act as a lubricant, must 
possess “ enough ‘ body ’ or combined capillarity and viscosity to 
'keep the surfaces between which it is interposed fron^coming in 
contact. . . .” Although he does not substantiate this statement 
in detail, thor» is every reason for regarding it as tnie, if not taken 
^ too literally. 

To be lubricants, liquids and soft solids should fool oily or greasy. 
As capillarity, oiliness, groasiness, wetting, ^emulsification, etc., are 
either wholly or in part pheuomoua resulting from superficial tension, 
this property will be dealt with at some length, so far as it seems to 
throw light upon lubrication problems; for the plienomcna resulting 
from superficial tension are among the most interesting and important 
that can engage tlie attention of cither the eln'mist or, the engineer, 
and they manifest tliemselvcs in a great variety of \j;a.ys. [Tnfortu- 
nately, ih*' values of many of the physical constants a knovriedge of 
. which required—such as the thickuci^ of various liquid filri)B wlJan 

spread over or between /.olid surfaces—have not in many cases B'eeri 
ihcdsured. *' ^ 

Lttliricafiny Films .— Whei» a gl^ siirface is rubbed by a»wet 

Trans.. 1886, p. 157. 

Proc, Inst. Mech. ^g., 1884. 
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finger, care Slaving Iften taken |bo remove ali gri^se^ tlie friction 
Vitwoen the akin and tl«c glass is very eonsideraVl/T If the^anrfaco 
bo the edge of a wine glass, the alternate seizing i|nd freeing of the 
contact surfaces causes the glaas to vibrate and ])roduoo a musical 
lot^ Kvon such i»thiok li<|uid iia glycorine, when the rubbing move- 
nent is slow, f^ils to keep the surfaces apart and prevent the glass 
'rom feeling harsh. A little greiise, fat, or good lubricating oil will, 
jii the other hand, remain as a fairly thick film between the surfaces, 
and enable them to slip freely over Citch other, even at low speeds. 

\V'* may, therefore, take it tliat a film of jmre water between two 
solid surfaces is so thin th.at it fails entirely to keep their asperities 
from interlocking ; whereas lubricating oils form films on such surfaces 
which succeed, more or less, in preventing the snrfae''s from seizing, 
and ,so greatly reduce the friction between them. « 

In many respects, the property which some Ihjnid films possess of 
powerfully resisting all .attempts to reduce their thicknesses below 
’ertain fixed values, and even, as we sliall see, of preventing bubbles 
From bursting, is a most valuable one. It is evidently in no direct 
way dependent on viscosity, for many very viscous licpiids faiWiiitirely 
to form lubricating films. Nor is it measured superficial 

tcusiou of the liquid. All we have a right to say is ’ that when the 
superficial tension of the liihrieaut is less than that of the solid, the 
liquid spreads itself over the surface of the latter, and when it has 
so covered the surface, its lubricating value depends upon the ♦liidt- 
ness of the layer it forms, .and the extent to wliich it resists efforts 
made to expel or extrude it. 

Soap (BiM/.e) Filing. —If the looped end of a piece orf wire he dipped 
into a solution of soaj) and water and then removed, there will be 
seen stretched across the loop a thin diajduagm of liquid. Such a 
film possesses considerable elasticity and strength, as may be proved 
by placing upon it a small moistened wire ring, ..’nieh it supports 
without bi'eaking. In other words, the film resemWes a sheet of 
indiarubber, some.force being reipiired to stretch or distort it.< 
Vernon Boys'-^ has described a number of very boautifiil experiments, 
illnstratiug the teusiou.properties of such liquid films. He used for 
this purpose a mixture of 1 part, by weight, of sodium oleate, dis¬ 
solved in 4-0 parts of distilled water. When solution was complete, 
ono-thiirl of its volume of glycerine was added to the liquid, and the 
whole was allowed to settle. I’he liquid was then siphoned off from 
the inj()uritio» which had risen to the surface, and was clarified by 
the addition of.a few drops of ammonia. Films made of this mixture 
last a ^ery long tiiuo, and very instructive studies of*superficial 
tflision’phenomena may bo made by their means. Suc\j filnw consist 
of two surface layers which have closed toOTthor by the withdrawal 
of the j^ator from between Jihetp, and eaqji layer is under the same 
degree of stress. The surfaeus of all Ifjsiids exhibit allied phenomena. 

Wetting of Solid Surface».—A slip of claan,g!ass dipped into a 
* See p. 37, " Phit Mag., May^888, p.409. 
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vessel of water, and then withdraM>, will bo'.’ouiid to'havc a thill 
film of^water am to it. ’fhe film so tforiiiod consists of two 
Hiirfaec layers, oiig in eontact with the air and the other in contact 
with the glass. In this ease, the mass of glass plays the same part 
as the air in a bubble. If the plate be held vertically and partially 
immersed in a vessel of clean water, the CKternal surfjee layer of the 
film on the gla.ss becomes continuous 
with the surface layer of the water, 
and it will be observed that the water 
surface, where it meets the soVd, is 
distorted, as .shown, exaggerated, in 
fig. 11. 

Here the surface layer of the hcjuid 
in the ve.ssel is in a state of tension, * 
the external surface layer on the raised 
glass plate is in a similar state of 
tension, and the two str(‘.sses are acting at right angles to each other. 
'I’o balance these teu.sious a small ijuautity of watesr, shaded in the 
figure, ir' lifted abov*' the genenil level, and" the free surface hcoomes 
omu ed. 'I'he^’eji^ht of the water or other liquid raised is proportional 
to the sujiertieial tension of the vertioiil surface layer or film, which 
covers the glass and is in contiw.t with the air, just as tlie load on 
a spring-balance is juoimrtional t(^he stress on tlu! spring, 
jTIa" superficial tensiaiis of different liquid surface films vary very 
onnsid(‘ral>ly, that of merenry being greater than that of water, whilst 
tlie snjierficial tension of the latter is greiiter than that of oils. 

Stabt/ify of iviqiiiil Films.- -Very little is known eonccniing tium 
thickness or viscous properties of lupiid films, other than can l)e 
gathered from friction phenomena. For exanqile, tlie experiments 
of Thurston' oil the .static friction of surfaces luliricateS with lard 
oil and siierm oil would seem to prove that although the former 
is nearly twioe*as viscous its the latter, the lard oil gives the smallest 
,coefficient of frietion, and therefore must form the.thickest lubrieuting 
film. *■ 

A difference has also been noticed in tl,'e relative stability of 
bubbles blown with different liipiids. Pure water, for example, will 
not form permanent hubbies—the film rapidly gets thin in places and 
bursts, owing to the superior tension of the snrromiding parts. On 
the other hand, when soap is added to the water the film refuses to be 
reduced to a thiekiiess of less than twelve millioiith.s oi a millimetro, 
for with decreasing thickness its strength increases. iThis minimum 
thickness bf a soap film is Hufficieut to prevent polished Surfaces 
separated hy^it from touching each othe»' except at a few point'! ijiTd, 
therefore, eonstitutos it^i lubricant. 

Reinold and lUicker^ Uave studied tlje properties of softp films 
with great care. When firs*' formed, the surfaces enclose a bon- 

* and Lout Work, third edition, p. 316. 

‘Trans., 1883, p. G40, and IS86, 
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BideraWe volume of I'quid whicrt dues not in an’v way affibt the 
tension of the surface layer, and when this portion jf the liquid has 
drained away, the film remains at a constant thickness of about 
twelve mi'lionths of a millimetre. At this fifjurc the surfaces may bo 
considered to have dlosed to(jethcr, and the films look black all over, 
for they refleet*vory little light and have ceased to show Newton’s 
r^gs. The stability and uniform thickness of those thin films indi¬ 
cate that, when a certain minimum thickness has boon reached, the 
tensile strength increases and prevents rupture. 

Th» majority of even very viscous mineral oils aro deficient in 
oiliness, for they do not form films anfficiently thick to keep tho 
static friction as low as can be olitained by using animal or vegetable 
lubricants. This has lod to the manufacture of ‘ blended ’ and soap- 
*thickened oils. The former are mixtiire-s of mineral with animal and'* 
vegetable oils. The latter contain metiillic soaps, which aro suppo.sed 
to act by increasing the visco-sity, but which may have the same 
effect upon mineral oils iis on water, ».e. they may cause them to 
form thick lubricating films instead of thin ones. 

Experiment only can determine whether the lattci 'uixtures are 
really useful; the substances ad<ied aro not always adulterants, but 
rather ingredients added for the purqrost! of conferring upon the 
lubricants properties in which they are deficient. 

Theory of Superficial Tension. ~ Af«/ec«to- Attraclion .—Some 
reasons have already been adduced in support of the view that the niol?- 
cules of solids jmsvcrfully attract each other when brcmglit into close 
ju.xtiipo.sition. This is equally true of the molccnles of liquids, which. 
In spite of their fluidity, require the oiponditure of a considerable 
amount of energy tose})arate their molecules completely. At sensible 
distances tlin attractive forces between molecules arc inappreciable, 
but when the distances separating them become ipfinitesimal the 
forces become o.xtrcinely powerful. It has been computed that such 
attractions lieconic jicrceptihle when the distances separating the 
molecules are reduce ] to | millimetre ((iuiueke). , 

Bcrthelot found that water could snstaiii a tension of about 50 
atmospheres, .applied directly, and the phenomenon of retarded ebulli¬ 
tion, described by Dufonr, helps to confirm this view. In a vessel 
containing a mixture of linseed oil and oil of cloves, the latter observer 
immersed drops of water, which were still seen to be swimming about 
after the tempei'.aturc had been raised to .3.56* F. The prossnro of 
aqueousavapoui* is, at this temjjorature, nearly ten atmospheres, or 
about 147 lbs. pe. square inch. Hence, the cohesion of the water must 
be able to support a ti nsion of at least 132 lbs. per sijuare inch. In 
these.experiments, the water wdk carefully freei^from dissoK'cd air, etc. 

Inienmty nf Molecular Stresses .—Evafioratim or boiling may be' 
regarded cs a process in which the cohesive forces of the molecules of 
the liquid have been completely overcome, die heat rendered latent 
being a measure of these forces. This view Lorif Kf^igh ’ regards as 
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sound, and he ca|culLtcs that, on this hypothesis, the 
cohesive force o/lWatef is ^5,000 atmospheres. < 

Lord Kelvin lias pointed out^ that the experimentally ascertained 
attractive forces arc millions of times greater than would follow,from 
the law of gravitation, on the supposition that matter i.s perfectly 
houiogeueoiis; hut as we know that matter is noL l>erfootly homo¬ 
geneous, hy ]X)stulatiug sufticient hetcT-ogcncity, the attractive forces 
may he accounted for without ivssuming any attractive force other 
than that in accordance with ,\ewton’s law. 

It is admitted that, as there is every reason to bedieve tluit the 
atoms and molcoulcs never come into actual contact, this attractive 
force, which is operative over a limited range, must he balanced hy 
a repulsive force of sniiahlc intensity, operative over a different 
range ; conse(juently, the molecules approach each other until theif 
attractive and repulsix'c forces are in c(piilihrium. 

(lomlUion of Siirfwc Molerul^. —It is clear that the molecules in 
the interior of a li(piid are attracted hy other molecules on all saleis. 
On the other hand, the molecules at or very near the surface arc differ¬ 
ently .situated, for the attractive forces arc then hv no moans eipial 
in ail directif)!;^- In other words, tlie moicculos at or very near the 
surface have tlnui attractive"' forces only partially satisfied, and the 
unbalanced stresses are consUiiith tending to reduce llieir nimihcr 
and, therefore, to decrea.se the^irfiicc area. Any increase of tlie 
Onrhico area iuvolves.au iucrciise iu the mmiher of molecules whose 
attractioms are not satisfied, and to effect this, foi'ce must he exerted. 
We thus have all liquid surfaces tending with eonsiderahle force to 
contract tliciii-areas, and exhibiting the plicnonienon of sn])crficial 
tension. The resultant effect of the mutual attractions lietwoen 
different ])ortious of a fluid really gives the same result as would he 
obtained if tlie liquid were “absolutely deiirived of the attractive 
forces of its molecules, and its whole surface were coated over with 
an infinitely Contractile film, jiossessing a uniform contractile force.” 
This is a couveiiieiit way of explaining the fact that a mass of liquid, 
left entirely to the action of cohesive forces, assumes a spherical 
figure, hut it is important not to lose sigjit of the fact that the 
splierical form is the result of an endeavour of the particles to get 
as near to each other as possible. 

Liquid lnterfae.es. —lint even when we have the surfaces of two 
different liquids in contact, the molecular stres.se8 may not he com¬ 
pletely satisfied, for the ranges and intensities of the attraqfivo and 
repulsive forces of the two kinds of molecules mayjhe very different. 
There, obnsequontly, remain unbalanced forces, and the ii'iterface is 
in a canditjon of strain. » '■ 

Lord Kelvin, who Carried out a number of experiments oh the 
behaviour of dissimilar lipiids whep im contact, found it (jpuvenient 
to employ carbon disulphiA, and a solution of zinc sulphate)-as no 

' Populaj} LuitUrcs andJililresm, vol. i. [i. fifl. 

If Kelvin; Popufar Lectures and Addresses, vol. i., 18P1, p. 16. 



immediate cliemical or phyeityii agtioii results on l)ringin(^ such 
liquids together. Additional iidvautages arc*e fro.u the fact that 
carb’on disulphide assumes an intense violet (jolointion with iodine, 
whi(ili enabled observations to be more rcadUy noted ; while the 
zinc sulphate solution could be adjuste<l to any nsjuired density. 
When both liifuids were of the same density, it was found that 
globules of eitlier suspended within tlie otlier assumed a spherical 
condition, as the result of.the Umsion develo^HMl at their surfaces 
of contact. 

»/ Liqniils .—At present, our kiiow]c<lge of tiie condi¬ 
tions which determine whether two givuui li(]uidK will difl'usc into 
each other, or remain ajKirt, is very limited ; imletid, a knowledge 
of tljcir cumpai’ative surfa <'0 Wnsions affords us little or no help in 
*this din’ction. Two drops of mercury, for instance, have the same* 
surface’ tension. ^TiJe tension, however, of the junction surface 
between two droi>s of <dean mercui’y is zero, and tlmy unite to form 
one dro]j. Many dissimilar ji(piids, on the other hand, which have 
very diliereut surface tensions, will also diffuio into each otli'^r and 
mix in all ju’opoi-tions. ^ • 

Marangoni states tiiat in all (cast's in which liq'^.ias do not mix, 
that possessing the smallest surfjicc tensio)) will spread oA’cr the 
one whiclj lias th(3 greatest. At one time 

w’ater and mercury were supjwscd to be ex- j 

eeptions, t)tit it has been shown that water 

will readily spread over a mercury surface, if j ^ ^ ^ 

the latter be chemically clean, iffiis subject 

’'as engaged the attention of I^onl liayleigh,^ * 

who eoncbidos that the interfacial tension Fin. 12 . 

between any two bodies is proportional to 

the s(piare of the difference of cert^iin values, peculiar to them, 
analogous to density in the theory of gravibition. 

Thus, HU])jx>se we liave three {lnid.«, the interfaces of which meet along 
a lino perpeiidic.ular to the imjxw (kc<*. fig. 12). Making T^,^ro, and T.j the 
interfacial ten^iions, and deiM*tii)g the pro])crty analogous n> densily by <rj, 
tTg, and 0 - 3 , then, accordingV» Lord Ibiyleigh, 

T, oc (ff,-,r|)'.(!) 

Tj, OC {(!., - ir,yi.( 2 ) 

'i’jK (3) 

It wilj 111! found lliat whatever the three reapeclive valiirs of ir in the 
ibovo expresaioiH. ttic interfaoial teiiBion T, between tlic liijuidR of greatest 
and least 'density' will oiways exceed tlic combined tensions T» Und Tj of 
the other 'nterfuoes, and tliat,'conw(mently, llie lii[iiid of interiiiedialo tension 
will rlways ix- drawn in hetween’tuose of greatest^iid least sufface ^nsion. 

This theory has an important .bearing upon diffusion phenomena, 
for wbeu two miscible liquid'ti'are brougB? into contact the interface 
immediately disappears, and there is substitiitoif fiP|jt a thick layer, 

' “ Theory Surface Forces,” iVu7. Mag., Doc. 1880, p. 403,* 
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across V.’liicli'the ^valuc it cliaiigec gradually from that of''one liquid to 
that of the other.” According to this, the whole force due to’the 
surface tension of any two miscible liquids in contact may ho con¬ 
sidered as dislrilmtod over the space in wliich diffusion is taking 
place, and, as the numher of contiguous layers may he regarded as 
infinite, the force between each layer becomes infinitely small, and 
it has been shown tliat the sum of the forces must be zero. , 

/Surface Teiknitm uf Soliil.i. —It was not until the surface tension 
phenomena of solids wore recognized that the theory assumed its 
present form, for it will at onec be seen that the above applies'to the 
surface molecules of solids as widl .as liquids, and also to the moleeides 
at the bounding surfaces of solids and liquids, even when in contact 
with gases. ^ 

In solids, as in liipiids, the molecules attract e.ach other ])owerfully, 
and the surface molecules are in the jieeuliar condition of having the 
stresses ari'anged differently in directions parallel to and normal to 
the surfaces. The sui’faces of solids must, Iherefm'o, be in a state of 
tension ; but, in their cjisc, the stresses are not suffieieni.iy powerful 
to produce reqdily perceptible deformation of the m.ass. Very viscous 
liquids, such as fib h, do show the reality of the stros.s, even when the 
liquids arc so viscous that they act very much as .solids do; for, in 
the course of time, they TOuud off,their sharj) corners and show all 
tjhc peculiar surface tension phenmnena of mobile liquids. A piece of 
giasB^ having sharp cutting edges, when heated rounds off its corners. 
It would scarcely be logical to argue that superficial tension only 
comes into existence the moment the .solid is softened by the heat, 
Kather must wo consider that the surface w.as in a (smdition of .stree.^ 
before the glass was heated, but that the tension only showed itself 
. when the mass ceased to be rigid. 

Beilby,' by microscopical methods, has demonstrated the existence 
of surface tension in solids. He found that when a surface of even 
such a brittle substance as s])cculum metal was rubbed with fine 
' emery cloth,, the ridges and grooves so formed all Lad rounded edges, 
and that by polishing with leather the material forming the ridges 
was easily caused to flow into the hollowK; producing an optically 
good surface. From the manner in which liquids spread over solid 
surfaces it is clear that the surface tensions of the former are much 
less than those of the latter. Taking a surface film of water as 
having a thickness of six millionths of a millimetre and a tension of 
73 dynes per centimetre, the stress of such a water film anirunts to 
about O'P ton per square inch. It is probable thst in thl case of 
a solid the tension is so great that the surface is caused to flow at 
■ all ed(fcs alid corners,, and that therefore, as Beilby found, i.n edge 
> oomp.arable with moleq ilar dimensions is an impossibility. 

dimiad between and SoUds.-\ The behaviour of liquids and 

gases in contact with solid8*ia really in accordance with theoi*^. A 
particular liquid'dSes*not, for instance, act towards all solids in the 
1 “ The Surfaffe Stracturp cf Solids,” ./o«r, Hoc, 1903, 1133. 
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same way. *lVater wifi wet and Ijir^ad over a clean sheet oi glass, 
Vhit when a droji of water i.s placed upon a slA*et (ff iolid paraffin wax 
it draws itself up into a bead. Mercury will nql; wot any known 
solidjWith which it docs not amalgamate. From this we conuludo 
that mercury lias a §re,ater surfaeo tension than glass, and that water 
has a surface taision greater than that of paraffin wax, but less than 
t^at of glass. All lubricants have .surface tensions imuih smaller 
than those of the metallic surfaces to which they arc ajipliod : they 
conscspiontly spread over them and wot them. 

-MWiough, .according to Maraugoni and La])lacc, throe fluids cannot 
rest in contact, yet if two liquids and a .solid bo brouglit together, the 
latter being a body of intermediate surface tension, neither of the 
li(juids can sjjroad completely over the solid, for the ten.sion at the 
* interface between tlio wdid and any one of the liquid.s c.an never, 
exceed that at tlie other two. 

Fig, 13 illustrates this. Merc the solid <t., lues a Hat surface, and 
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against it rest the li(|ui(ls rr, and ir,, tlie former having a smaller and 
the latter a greater tension than tliat of the solid, do long as the 
magnitudes of tlio surface tensions are thus distrihiitcd, tlioii Tj (the 
interfacial tension hetween the liquids of greatest and least ‘ density ’) 
is greater than tlie suiiu of Tj and T^, and the jioint of meeting is 
drawn along tlie suihico of the solid until T, assumes sneh an angle 
with the solid sni face that tlie forces are in equilihrium. It will be 
notiood that the tension Tj is tending to wrinkle the solid surface and 
draw it between the two liquids, so as to arrange the three bodies in 
the or»ior of tlseir surface tensions. 

When a liquid of iugh surface teusiou, such as mercury, is resting 
upon a solid of lower sarfiice teusiou, such as glass, although*the liquid 
doef not spread over the soliiand wet it, there is really i/. close union 
of the two masse.s, whieli can only he partedJiy the exercise of force 
or the i'uiterpositiou of a Jiqiud of intermediate surface tension. 
IndAd, so close is the contact of merciK^ and glass that the vacuum 
in a barometer remains uuaffocted for years. 

Fig. 14 illustrutos the eoiiditions obtaining in a tubo immersed in 
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mcroiUjy. I-foro T, is so much, more powerrtil than that the 
mercury surface ia‘dej)i*cssed until T., makes 8\ich a)i angle with the 
surface of the solid that Tj and T., together balance T.,. 

When oils and water a-'c brought into contact with metals^ the 
liquid of least surface teiisiou is not of necessity easily disjjlaced by the 
li<iuid lia%’iiig till! gi'catcst surface tensiou, for everything depends 
U[)on which li(iuid touches the metid first. Thus, if the metal Ijo 
made perfectly clean, and then dipped into oil, water cannot penetrate 
between the solid and the lubricant, for the metallic surface has become 
so contaminated by the oil that it behaves fus thougli it wore ar solid 
surface of smaller surface tension than water. On the other hand, if the 
clean metal be first wetted with water, the oil, being the litpiid of least 
surface tension, cannot disjrlaec the water, unless aided by mechanical 
'action. This reasoning .accords well with what is known conceniing 
the .action of water in stejtin cylinders, for when copious condensation 
takes place, and the water cannot get away freely, efficient lubrication 
is almost an impossibility. This, of course, does not apply to cloudy 
steam imi)ingingupon rubbing surfaces. In such a ease each minute 
drop of' w.at(q;^may be covered by a pellicle of the lubricant, which 
necessarily reaclf.s tiie met.allio' surface firet aud lubricates it. 

The readiness, however, with wh’ch solid surfaces become con¬ 
taminated by many substances, apd the difiiciilty experienced in 
cleaning them .xgain, is satisfactorily explaineii by assuming that the 
BdrfaV;e molecules exert a very considerable .attractive force on sur¬ 
rounding matter. Indeed, freshly formed solid surfaces at once 
attach to themselves from the air an exceedingly thin coating of 
moisture, which is in a few hours replaced or supplemented by <. 
layer of grease. Such contamination films are probably not always 
eontinuous sheets covering the surfaces and separated by an abrupt 
line of demarcation from the solid, but mixtures of liquid or gaseous 
molcctdcs witli the surface molecules of the solid. 

Altliougli Toixl ItayleiglTs theory coiicerning the comparative 
intensities of,, the surface tensions of liquids and solids serves to 
explain very clearly some of the most striking surface tension 
phenomena, it must not, as he says, he follewed too far ; for there 
still remain nnmorous jihenomcna which it fails to explain, or is even 
in apparent conflict witli. However, oven it the hypothesis is too 
narrow to aecoi-d with all the facts, it illustrates clearly the main 
points with which we have to deal. 

Circumstances which modify Surface Tension,— Tevqieniure.— 
Tf a thin, film of oil be spread over the upper su.'^aco of a metal 
,plate, .and a hot iron be caused to touch the underside, the, oil will 
shrink aw.ay^from the liptitcd spot and'leave it almost clean. This 
js caused by a dccreai^v in the tension of the heated oil surface, 
and file consequent drawirtg away of •the. oil by the cooler surround¬ 
ing film. '* '■ 

It appears tU^f^vith rise of temjierature the surface film tensions 
of all liquids diminish, audjess energy is required,to sepsirate their 
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molecules. *rhua, in converting wajcr into steam at 2J.2° F,^965‘7 
ifnits of heat per lb. ai'e required, whereas at^7 T'!'. (iiO O suffice. 

Owing to this’reduction of surface tension by hgat, the oil film on 
a heated bearing is drawn away from the rubbing surfaces by the 
greater superficial t%n.sion of the film on the surrounding cool parts, 
and the lubrication becomes more and more defective as the bearing 
gf.ts hotter, owing to the creeping away of the oil, as well as to its 
lessened viscosity. 

iSoluhi/il.ij .—We have hitherto referred to the eontoet surfaces of 
dis.siurilar li(]uids, gases, and solids as thougli they really were sharp 
surfaces of demarealion lajtween the O])posing uiolocules of the media 
ill contact. Such, hoivever, -is not the ca-se, for many liipiids are 
partirtl1 1 /, if not wholly, soluble in each other. Ether, for instance, 
dissolves in water, but when more than one part of ether is added 
to ten parts of w ater tlie e.xccss of ether remains separate from and 
insoluble in the aqueous liquid. Similarly, ether disisolves about three 
per cent, of water. The interfaciid surface between iiiixtureH of the.so 
liquids does not, tberefore, separate ether b-om water, but rather 
abruptly sejiarates mixtures of the two Ihjuids from eacli otl.'»r. 

Contaudnation iif Liquid Surfaces.— Lord Hayleij'J-.'.tKi Miss Agnes 
Pockols* have sliown the reuiarlrable elfeets that oven traces of 
foreign substances exert upon the surface tension of water. It is, in 
some measure, tliis marked action of tracers of impurity which makes 
experimental work on surface tension phenomena so ditliouH) aad 
wliieli places such olxstaelcs in the way of the jiractical application 
of our present knowledge. Miss I’oekels used a rectangular trough 
70 cui. long, .'3 cm. wide, and 2 cm. deep, filled wiSi water to the 
brim. A strip of tin, about 1-^ cm. wide, was laid across it at 
riglit angles to its length, so that the underside of the strip was in 
contact with the surface of the water and divided it into two 
])ovtioiis. By moving this partition, the surface are., euuld be varied 
to any desired degree. The surface tension was mrtisured by the 
force necessary to ’.iejiaratc a small disc from the surface. A per¬ 
fectly ele.m surface was oVitained liy placing the tin pJlrtition at one 
end of the trough and drawing it across the surface, thereby sweeping 
off the contamination. Such a surface retains an approximately 
uniform contraciale force, however much the partition may bo moved 
and the area varied. Or the other hand, a strongly contaminated 
surface was found to have a viiriaVile surface tension. 

Tho*efFeets« of eontuniinatiou films may he shown by sprinkling 
upon a clean s irfaee of water lycopodium grains or other suitable 
powder. 'Tlie water .uirfaeo, if touched by a noodle whioti has been 
dipned in oil, will at once* become contaminated, ai^d the effect 
produced by the sprciuling of the oil over Jio surface is as though 
a }-ole,»had been pricked in the film, hr the dust-covered surface 
dra^s rapidly away from the oiled flbntre and crowds the dust 
particles towards the edge of the vessel. A ^rij^of alcohol allowed 
, ■ Nature, vol. x'jv. (1891), p. 437. • 




To sliow liow greatly the surface tension of water is altered by 
a trace of oil, a light nihher ring may be floated upon a plean 
water surface. The tensions of the surface Shn being the same 
inside and outside, the ring, by its elasticity, assuinesfi circular form. 
On bringing a little oil into conteet with that ])ortion of the watpr 
surfais) outside the ring, the surface tension is diminished, and the 
superior tension of the internal film then distorts the ring or oven 
causes it to collapse completely. « 

Solvent Power of Surface Films.—There is reason to holievo that 


the solubility of liquids, and also of giiaes in liquids, follows different 
laws in surface film.s, whore the molecules are in peculiar conditions 
,pf strain, than it does in the interior of liquids. ' 

This may l)e shown in many ways. Kor iustanoo, a thin disc of 
camphor so placed that it is half immersed in clean water will, in 
the course of a few hours, he cut through by the superior solvent 
action of Llic surface film. In some cases the action is reversed, and, 
the iiiius of the liquid displays a greater solvent power than the 
Burf.'ice layci\%«;_. 

The superior solvent power of a water film over the mass of the 
liquid has been shown by Dupre aiid Kayleigh, who found that, at 
the first moment of tlieir formation, surfaces of soapy water have 
hardky loss temsioii than pure water, but that the molcoiiles of the 
dissoKcd soap gradually collect in the film and greatly modify its 
properties. 

This ooiieentl'atiou of the dissolved siibstaneo in the surface. fil»' ■ 
also takes place when the interface is one separating a solid from a 
liquid, for it has long been known that vinegar can be partially 
deprived of its acid by filtration through pure quartz sand.' Potato 
spirit, if fillurod through clean sand, passes water first, then alcohol, 
and finally alcohol plus fusel oil. 

, Gore ® made a number of interesting expcriinevtc on the behaviour 
of various aij[ueouB solutions in contact with finely divided silica. 
He found that, on agitating dilute solutionr of acids, alkalies, and 
salts will) this powder, and allowing it to subside, the solid in many 
cases abstracted as much as 80 per cent, of the dissolved oompouiid. 

This concentration of a dissolved substance on the contact surface 


of tl»o li(jui<l with the solid enables a lubricant to bo applied with 
ease, and without serious waste, to the friction surfaccc/ of hydraulic 
machinery. The more or less soluble lubricant, usua’Jy soft soap, is 
added to 'the water before it enters the pipes, and then, 'oy oon- 
'centratiug upon the rubhing surfaces, Rubricates them and'^outly 
reduces the friction and wear. 

' Surface Energy.— Vrop^tional to ^ur^cce Area .—As any increase 
in the area of a surface iin^-lves the expenditure of work, an0 as 


' 0 / Chemielry, vol. i. p. 114. 

- Cttcm, IVtwai, vol. Ixix p. 22. 

t 
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either iiierclsc or decfcuso in the*value of the tension of.a snr^e pro¬ 
duced by its closing upon another surface, orioinftig into contact with 
a contaminating substance, alters the work such a i^urfaco is capable of 
doi;^, caoh unit of area of such surface represents so much available 
energy. Indeed itPacts like a stretched slicet of rubber, which can do 
work by oiuitracting, ^Ve must, therefore, regard the total energy 
of a body as not bidng solely due to its temp(!rature and its volume, 
but as also depending to a certain extent uixm the area of its surhico. 

The separation of a drop of any liquid into two or more parts 
can •only be aceoinplisiied liy tlio cx])cnditure of work, for the 
volume of a sphere is proportional to tlic cube of its radius, wliurcas 
its superficial area i.s only jn'oportional to tlic sipiare of the radius. 
Thins, tile finer tlic state of division of the liquid, tlie greater tlie 
superficial area in pro])ortion to tlie voluiiie. Tlie total energy of » 
liquid is therefore iiierciuswl by breaking it up into separate drojis, 
and the total energy of the mass must include this energy as well as 
that due to its tenqieratiire and vobm.o. A given weight of steam, 
which is water liroken up into scjiarate nioUi-ulcs, has therefore more 
potential energy than the same weight of water in its limiid utate and 
at the same temperature. 

/t?/iaf.s’n>72.s*. —bjiiiulsioi s are generally composed of gelatinous or 
oily liquids suspended in the form of exceedingly small drops in 
other liquids into which they neither diffuse iior dissolve, (lenerally 
speaking, the individual globules may be' elearly distiiiguished*un4er 
the microscope, as in the case of milk. In some instances, each liquid 
particle is surrounded by a film separating it from the liquid in which 
’t flqpts. • 

In other cases, when emulsifieatioii takes place, the liquid forming 
tlie matrix lias had its sm-face tension so altered by the introduction 
of a tliird substance, or is naturally of sueh a iieturc, that its film 
resists rupture and prevents the coalescence of the urops of oil. 

Gausa of Wdtituj. —Gore showed that wdien finely flivided silica is 
introduced into wafer, or into an aqueous solution of any salt, a risei 
of teiuperature results. In this experiment, a surface between air 
and silica is cxcliaiigcd for one between the liquid and silica. As 
water spreads over silica and wets it, the surface tension of silica 
must be greater than that of water, aud that of the interface between 
these must have some intermediate value; consequently, when the 
water replaces air, a liberation of unergy takes place and ttio tempera¬ 
ture ni.ses. (ithjr effects, resulting in a liberation of heat, may of 
course be produced as well. 

We tnus sec that the reason why lubricants may be s*proad over 
sotids and caused to wet *lie whole of their surfacqs is .that the 
liquids liave lower superficial tensions thaij the solids, aud the loti 
Bonditipn is the one of leasts potential energy. ° 

A* clean glass rod dipped into nftreury, water, and oil gives 
very different results. The relative 8urface^(*HjonB of the liquid 
ind solid are n^t such as to enable the mercury to odhgre to the 
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glass j%rmaiveiitly. As pointecL out prcvioiis'ly, t!io uSeroiiry and 
glass do adlicrc, hdt tile iiioroury is drawn off by its weight and 
strength of lilin. Jt is oLluirwise with water, the smaller supoidicial 
tension of which causes it to spretid over the glass, which remains 
wotted when removed from the liquid. When tile dry glass rod is 
immersed in oil and is then removed, the oil, like thevwatcr, remains 
on the glass, hut as a thick instead of a thin him. The reason why ^ 
larger volume of oil than of water adheres to the rod is that the 
viscosity of water is small, whereas the oil is very viscous and flows 
much more slowly. .SuHicieiit time being allowed, both oil and water 
run oil and leave very thin films on the glass. 

Capillarity. — OajnUarji liisc in Tuhex .—Although this is merely a 
striking manifestation of superficial tension, it is commonly known 
%s ‘capillary attraction,’ having in the first instance been studied in 
connection with capillary tube.s. 

W'hen exj)erimenting ou cajrillary phenomena, care should be taken 
that all the tubes, etc., employed are quite clean. If the surfa<!es he 
chemically cUian, and the liquid experimcnteii on possesses a smaller 
superficial te^j^m than the solid, the Ihjuid will at the moment of 
contact with uftl«„lid rise and wet the whole of its surface. As, 
however, a clean tid>e may quickly become soiled, it is better, after 
cleaning the tube, to at once moii^n it all ovcir with the liquid to he 
experimented ou, and thus to ensure that the effects shall not bo 
inferfSred with by atmospheric impurities. 

When a tube which has thus been cleaned and moistened is dipped 
into a beaker of water, the liquid rises rapidly in the bore and may 
reach a height 'of an inch or more. When this bikes place Jn r 
moist atmosphere, the whole of the surface of the tube, both internally 
and externally, is covered by a film of water whicli is continuous 
with tlie water in the beaker. On the oiibsiuo of the tube the vertical 
stress of the film mines a .small ring-shajicd mass of water above the 
general surface level, the weight of which just balances the tension 
•of the film. On the inside of the tube the teusiot. of the film cover¬ 
ing the walls of the bore draws up a long column of water, which 
also balances the tension of the internal surface film and is a 
measure of its ])ull. Hence, the height bi which the liquid is drawn 
up in the tuls; varies invemely as the radius of its boro. 

But in order to socuro the rise of a liquid eolumu above the 
general surface, it is by no iiuians essential that a tube should ho 
used. A few parallel lengths of wire held so as to eAelo.se »small 
space will jilso produce the same efl'cet. i 

Fig. l.fi Ls an enlarged section of four parallel wires wlljch dip 
vertically iiitw the li((ui^. Between tlfljse wires superficial tension 
sprfaees form, and furii^.u walls which act miuli as the walls of a 
rubber tube would, comoi^tii^ the Iwuidi’e of wires into a Ujbe up 
which the liquid rises. ^ • 

Flow through A woreted thread or a lamp wick is really 

a similar •contrivance, and, .as the strands are verir fine and close 
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togetlior, the liquid often rises sciveral inches^ So long as thei^irfaee 
tension of the fluid is less than that of the luaterial of which the wick 
is made, and therefore wets it all over, the Ihjuidi oolnnm rises to a 
hcig^it proportional to the surface tension of the fluid. When such 
a partly ininiersed*wicl< hangs down outside the vessel containing 
tho liquid, if rtio lip of the vessel be not too high, then the wick 
(*)nstitutes practically a number of small siphons, through which tho 
fluid flows. In such oapillaiy paasjtges the flow is steady, and 
the volume piissed is directly proportional to the head and inversely 
pvopArtional to the length of the wick and the viscosity of the fluid. 

Fig. 16 shows such a case. Mere the height h of th<! column 
producing the flow is mi!a.snved from the surface of tho vessel to the 



Fig. 16. 



end of the wick, whilst the length a of the wick gives the length of 
the (lapillary pas.sagc,s. 

From Poisenille’s formula for the flow of liquids through cajiillary 
tubes (sec p. flfl) we find that the volume passed in t seconds is 

V = (1 • 

the value of (J varying with changes in the size and te.vture of the 
wick. 

It must be remembered that in the case of siphon wicks tho walls 
of the passages along wdiich the liijuid flows, consist Jiartly of liquid 
surfauts. Uc*sequeutly, as soon as tho suction at the top of the 
siphon beco’.non too great for the surfaee tension to balance it, 
owing fo the fall ot tho surface in the reservoir, the liquid walls 
cJllapse, air is drawn hetwceitthc strands, an<l siphoninf.*ceases rather 
suddenly. On this aceount, the above fori5l||la does not bold if the 
joug ‘ Ifg ’ of the wick slioi^ddfall so low* that the weight of liquid 
in if can of itself distort and rupture t^e cxteHial film. Strands of 
worsted consist of rather coarse fibres, and cai/oid^be depended upon 
to raise the liquid over .a lip rising abojit 1 \ inches above.thc liquid 
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iiiirfAolk When more powerful •liftiiif' jictioii *s rcijuirerf, as iu lamp 
wicks and the straiAls u^hI to supply lubricants to railway axle pads, 
cotton pleated very finely is used instead of worsted. 

All such wiuks, ])a(ls, strands of worsted, etc., when exposed to, the 
air, absorb moisture and other substances. Oil'will not, therefore, 
flow freely throush them until they have been well driisl and then 
wetted with the liquid iu which they are to work. The volume (jf 
luhrieaut such wicks will supply depends, as wo have seen, not only 
upon the supertieial tension or capillarity of the liquid, but also upon 
its viscosity. The height to which it rises increases with the aiper- 
ficial tension and the fineness of the external mesh of the wick. 


Meaeurement of Surface Teueion — The Fort-*' to ho Mea.'ini'cti. — We 
Jiavesccn that the siirhiccs .scjiaratiiig solid, liquid, and gaseouR sidistanccs 
from each other are, iu a slate of tension, and that t.hi’ magnitude of this 
tension varies witli the nature of the substance or sulistances in contact, or, 
when the surfaces are not clean, with the nature and extent of the conta¬ 
mination. Such HnrfafX’H act like stretclipd sheets of indianildier, iuit tlic 
tension is always the same in all directions, and wlieii not contaminated, has 
the 6ame»’'ahie however much, the film may he extended. 

In lig. 17, it^A^iCC he a stiff wire frame upon winch tlie cro.ss wire PQ 
8lide.s freely. In ffiearea enclosed by the wire i.saliqiiid film,a mea.sure of 
the teiiBioii of which Is required. This film, it will he remembered, consists 
of two tei^on surfaces which pass round and 
giasp the wire frame and slider on all .sides. 
The two surfaces are separated from each other 
and from the Buri.ace in contact with the wire 
by an inactive liqnid layer of x-ariable thickiiei«. 
The active liquid surface layer which produces 
the tension effects has a Uiickness of ahouft six’ 
millionths of a millimetre; the water layer 
enclosed may he a hiiiiflred or more times 
tliickci than this. To jirevent the elasticity of 
llie film from drawing the cross wire PQ towards BO, a force F must he 
maintained, aclifig in the direcion of the arrow. If T be the snperfioia! 
teiiaioii ami h the di.staiiee apart of the wires BA aqil 01), then, as there 
ire two .surface? to the film, .sepirated by liquid, 

F = 2Tfc. I. 



(JapiUary 'J'lihv Meihail --TUc iiiotlnxl wliich lias usnally lieen 
adopted for measuring the suixirficial tension of liquids is by aseer- 
taiiiiiig the hoiglit to w hich they rise iu capillary tubus. The degree 
of accuracy obtainable is limited by (a) tlio iiarrowncsn of thtjtubo, 
(i) irrcgnlaritic.s in the bore, (<■) the shortness of the .plevati 1 liquid 
column, (f^ the difficulty of measuring the mean Imlglit of thd''liquid, 
tnd (e) tlio (Jiffionlty of securing a (dean surface. The mcliiodds 
quite aecurato enough, li^ .ever, for ail pnictical piirpuses. 

Fig. 18 .shows the condilious^f eqiiilfCriifm of a liipiid wliiclB lq.s a 
smaller tension than thit of the maternal of which the tube is made. A film 
of the liquid is dra*irf%vJi the whole of the surface of the bore, and by its 
tagsion ths linuid is drawn nn until it iust balances the weight of the 
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colnmn. A \ery simifle calculation gives tlie superficial tensioi^f the 
liquid. If be the radius of the tube, p the densty of,tbe liquid, g line force 
of gravity, and h tlio mean height attained in the cajiiliary tube, the vertical 

force (W) =2«'„T.(6) 

Thii^mpports a weigjit of liquid (W) —irr/7(p(/ . . ... (7) 

Consequently, 2»r(|T — vr5%pg (8); and q'^'n^W _ • (9) 

* This method only holds true when the liquid has a smaller super¬ 
ficial tension than the solid, and spreads over it. But there are cases, 
sucli«a.s mercury in contact with glass, where the liquid has in all 
probahility a greater surface tension than tlic solid. In such an 
instance, although the liquid adheres with some force to the solid, it 
cannot spread over it, and the solid on acooimt of its rigidity cannot 
spread over the licpiid ; consequently, the combined eft'eets of three. 




» 

tensions have to he dealt with, as shown in fig. 14. The vertical 
component in this case may act downwards, and thestensioii of the 
surface of the mcnisenj where it touches the glass acts at an angle. 
But no known lubricants have greater supcrfieial temsions than has 
glass, and coiMeqnently, although such cases are interesting to 
physical students, they have little if any practical importance. 

Measurement Inj Film Tendon .—A direct method of measuring the 
strength of t^^e tension has been emi)loyed by Proctor Hall ‘ at the 
suggestion of yrof. iMiehclson. 

A g4hS8 frame, fiu. ] 9, is suspended from one arm oV a delicate 
bAlance, so that it is partly igimersed in the liquid. The weight is first 
taRen when a film of the Uq\iid is extendo^ctween th8 bar AB and 
the liquid. The lower bar is completely su^erged, and serves mereiy 
to stiffen the cud portions whTch dip iijto the'tquid. After breaking 
the film another reading is made, care bcing^^ken that the frame 
' Phil. Mag., Nov. 1893. 
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remaSi^ imniersofl in tlio liquid to exactly the tame dopiSi as before. 
Such a film consistk of tfwo surfaces which have closed together and 
looped round the bars of the frame. The surface tension is the 
difference bctweoii the two weighings, divided by twice the width 
of the frame. When n'l-i/ exact detcrminatimis are requiriJtl, a 
small correction ha-s to be made for the width of th^ frame, as the 
film distorts the capillary rise of the li(}uid on the inside of the 
vertical bars .AO, BU. The amount of this correction is found by 
taking the tension of the same liquid with two or more frames of the 
same thickness, but of difibrent widths. ^ 

Fig. 20 shows in section the eonditiotis when there i.s a film in the 
frajne. Tlie tension that may exist on the face sciKtrating the liquid 
from the frame has no effect wh.atevcr on the halaneo, for the surface 
where the air and the liijuid meet encloses the upper bar and closes * 
together to form a film beneath it. This fdm it is whicdi supports the 
ma.ss of liquid wliieh is shaded in the figure and which acts upon the 
halaneo. 

Meatiurm)i.eni hi/ /’hi/c.--The films of some liquids, such as 

alcohol,,ctlier, and chloroform, break almost immediately they are 
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form(>d, consequently their superficial tensions cannot be found by 
this method. I'roetor Hall, therefore, adopted a modification of 
AVilhelmey’s method. The glass or metal frame was replaced by a 
thin rcetangnhy plate of glass, mica, or metal. The plate was adjusted 
by trial over a liquid until the whole edge seemed t'- enter the li(piid 
at once when liiwsn-cd into it, and when raised slowly parted from the 
licpiid, first at both ends and lastly at the middle of the lower edge. 

Fig. 21 shows in suction the conditions obtaining. The tension snrfaee, 
?epar.ating the air and the liquid, rises over the solid and envelops it, and 
by its contractile force draws up the two shaded masses of water, the weight 
of which the balance measures. The results ai’e obtained as follows:— 
The index of the l)alanee Is brought to zero. Tlie vessel containing the 
liquid is tlwu slowly raised until the liquid touches the iindlT edge^of the 
plate and wets it. As soon as this takes place, the luiuid iFni Bpre.jds over 
the plate and by its tension acta on the lialance. The balance is again 
adjusted t[> zerj, and the lower edge of the jdate is thereby also brought \o 
its original level. Where tthe breath, r the tliicki ess of the plate, and 
Tdhe surface, tension 4 

•Ajt=2(4+Tjr ‘ . . . . r vio) 

Both these metlio^hai'e lieon found to give concordant results and to 
admit of extrerael^aocutate work with some liquids; but Biohai'daon and 
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Hanson liav« found tl»m unsatisfactory for mineral lubricating anc 
have obttained better reaults by thecapillary tubejjnet|p«l.^ 

Instead of a plate, a vertical tube may be slung from a ppecilic gravity 
baliuice, the vessel containing the liquid resting ujH>n a table which can b( 
raisttd and lowered by a rack. Making W the weight on the balamic, r, th< 
inside and r., the ontllde radius of the tnho, then 

W —T(2irr, + 2irrj;).(] ] 


and T 


W 

2irr, + 2irr., 


(li 


Iii^ithov words, tlie, weif'lil, <livid(‘4 by ibc inside eircumfereui’e jilue tin 
outside dreuinfereiice gives tin' sin'fnce teiisioii. 

For a description of this and other inethoda of mcasni'ing snperfie.ia 
tension the jiayn'r by Prortor Hall ^ sbonld be consulted. 


Ill all cases, the surface tension of the Ikpiid to be measured miisl 
be le.ss than that of the solid plate or frame, or the former will not 
spread over the latter and form a film acting in a direction jiarallo' 
with the solid surface. A little grease or oil on the plate will sc 
reduce the superficial tension of the solkl that water will not spread 
over it. In all eases, the solid should he well washed^itiF caustic 
soda solution, well rinsed in clean water, and then hated in a Kunsei: 
flame. 

Cohesion Figures.—Although in the practical testing of oils the 
observation of the curious forms assumed by the .spreading of oil 
drops on clean water surfaces has not yet been found to be o^mifth 
practical value, cohesion figures arc of great interest, and may yet be 
found of service. ^ 

•Wicn a drop of oil is allowed to fall on water, although it (piicklj 
contaminates tlio whole of the water surface, the greater portion 
remains as a lenticular mass, whkih spreads with greater or less 
rapidity, becomes {>crforated with holes, forms beautiful laeclike 
figures, and finally separates into numerous lenticular discs. Difi'erenf 
oils produce in mcjst cases difierent figures, and these tighres are altered 
by the presence of .tdiilterants. The thickness of the contamination 
film surrounding tlic oil discs is exceedingly sinail—about twt 
millionths of a millim(^.re —aiid the tension of this attenuated film 
would seem to be about as great as that of the combined pull oi 
the oil-air and oil-water surfaces enclosing the lenticular masses 
of superfluous oil. This tendency of the two surfaces of a film tc 
close togetlier and force the excess of fluid to collect in separate 
masse# resemWes closely the ]>henomona observed in soap bubbles bj 
Keinole^and lltcker, who noticed that the thin black film.was ofter 
smrounfled by one having a thickness 250 times as great. 

li is clear, however, that Bbfore the sigij^canco of th» action of the 
surface forces of liquids and solids upon s?||k.' of the more obsou^ 
phenoBiena of lubrication caj» be siitisfattorljr ascertained, further 
research upon surface tension pheiioineiTa will fl^eqiiired. 

^ Jour, Soc. Chem. Ind., xxiv. (1905), 315. ” 7^/. May,, Nov 1803. 
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THE TIIKOKY OF LUBEICATION. 

Lubrication and Friction .—Lnlriratim of Surfaces .—In Chapter I. 
the sulijeot of solid friction was dealt with in detail, and it was 
pointed out that unless solid surfaces be contaminated by lubricating 
nibstanftos .iiiey generally seize and abrade each other, even under 
rery small load#; S'.ch contaminated surfaces cannot properly he 
called lubricated surfaces, for the particles of the luln-icant are 
merely entangled in the minor aai^tco irregularities of the solid, 
while still leaving it rough. The laws of solid friction appear to be 
lulaflfAited by the presence of contamination films, which only serve 
to reduce the coefficient of friction and enable metals which would 
rtherwise seize work together .at mcxicrate pressures. 

On the other hand, when a surface is properly lubricated .’t 'i? 
flooded with the viscous or plastic lubricant, and the coefficient of 
'riction depends chiefly upon the nature of this lubricant and the 
form of the siirfaces. At high speeds, and often at comparatively 
low speeds also, such well lubricated surfaces arc wholly separated 
from each othJr, .and the friction then depends upon the thickness of 
the lubricating film, the area of the surfaces in contact, their relative 
velocities, and the viscosity of the lubricant. 

Although the difference between a contaminated and a lubricated 
surface is only one of degree, it is convenient to consider surfaces 
which h.avo been wiped clean as contaminated, and surfaces which 
ire tee/ with the lubricants as Inbricated. 

Ohjfch of Lubricatiem .—In the design of machinery, the engineer 
seldom has to deal with unlubricatod rubbing surfacet. His»tbjeot 
is the trapsferonce of energy, and its utilization at some parl.oular 
place, with’as little loss as po.S6ible. In effecting thus, the r^atively 
mbving surfaces are often_ pressed togetlier with considerable fyire 
jnd caused to slide ovojf each other at high velocities. Unless such 
iurfaces be kept apa.t #y tlic intsi'pssiticn of a lubrioai't, the 
frictional losses will j/c greut,*and the wear and tear of the surfaces, 
in most instances, ^-oportionately serious. Indeed, were it not for 
the properties certafn li4uid^ and soft solids possesf of keeping the 
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relatively mwing surfAies apart, and tliereby redneing the frielifciial 
resistances between them, it would be impossi>ble !,o carry on many 
moat important manufacturing processes, or to move vehicles at 
anything like railway speed. 

J^i’^‘ii(j7tal Losnexjt—It hn-s been estimated * that the total horse¬ 
power of all tl^ steam engines at work in the United Kingdom at 
the present time is not loss than ton millions, and that consider¬ 
ably more than half this enormous amount is consumed in over- 
eoming friction. Prof. Charnock says: “ It is truly remarkable that 
of tln^mauy details in connection with machinery, none receives loss 
attention than the reduction of friction and the pro])or liihrioation of 
hearings. With a constant striving after the reduction of steam 
consumption per indicated Iiorse-])ower, little thought is bestowed on 
the relation of indicated horse-power to the useful work done. Taking 
a good engine working at fidl power, from 6 to 8 per cent., and at 
(juarter power from 24 to .'12 per cent., of the total power developed, 
is wasted in friction of the main bo.'irings. In many mills fitted 
with first-elasB arrangements for transmitting ])ower, to drive the 
shafting alone reejuires from 20 to 30 per cent, of the useful work 
done by the engine, and no doubt in many {sises 'his r; greatly 
exceeded. Very little indeed is known of the power required to 
overoomo the friction of various classes of machinery used in mills 
and factories, but it is safe to nay that the work usefully expended 
in the actual oj^eratious which the raachintiy is intended to pmrfoni 
must be an exceedingly minute fraction of the power developed by 
the steam engine in the first place. It is evident that there is 
much I’oom for progress in the direction of the rediution of avoid¬ 
able, sources of loss by more careful attention to the laws of friction, 
and to more scientific methods of lubrication.” 

In this connection Prof. J. (Joodman ^ has also remarked that 
“out of every ton of fuel consumed for engine pu.poses, some 400 
to 800 lbs. are wasted in overcoming the friction of the working 
parts of the motor, and further, every machine driven by a motor 
also wastes a large percentage of the remaining power by its own 
friction. One would nm, be far short of the mark in saying that 
from 40 to HO jxir cent, of the fuel is consumed in overcoming 
friction. This extreincly wasteful state of affairs is most unsatis¬ 
factory, and tiappily can he greatly improved by a due observance 
of the laws of friction and luj)rication.” 

The ^ull benefit derivable from effieiont lubrication could seldom 
b)e taken .advantage of until recently, for hearings as formerly con¬ 
structed could not he per.^ectly lubricated without involving a great 
wa^^e of oil. Hut now that ihc mechanical problems Jo bo solved 
have become better known, such defects eai. .be, and have been to a 
great extent, remedied in modern machines \ 

■ Lectures given before tlio Bradfoid Engineering RMiety by Prof. G. F. 
Cliarnock, Nov. and Dec. 1900, p. I. r 

^ Paper read before tlie Mancfie-ster Association of Engineers, March 1B90. 
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ii nory of Luh-icatim. —Until recently, the enginear had to be 
guided almost wholly by experience in the design of bearing surfaces 
and the methods of their lubrication; the theory of lubrication, or 
of the action of xdscoua or plastic substances in diminishing friction 
between relatively moving solids, having receWed little attention. 
Not that experimental investigations had been peglccted ; as a 
matter of fact a vast amount of experimental data had been collected, 
but the results not only failed to agree with each other, but they 
also failed to agree with the general experience of engineers con¬ 
cerning the frictional resistances of machinery. The experiments of 
Beauchamj) Tower, however, iindertiiken at the instanoe of the 
Institution of Mechanical Engineers,! have lielped to explain the 
reason of most of these discrepancies. He proved that a great deal 
depends upon the way in which the luhricant is applied to the' 
bearing, the friction varying with the (juantity and uniformity of 
distribution of the oil, as well as with the form of the bearing, the 
speed, etc. Most of his recorded cx{)erimcnts wore made in such 
a manner that the lubrication was ‘ perfect ’; i.f. the bearing was 
flooded with oil. The results were comparable with each other, 
agreed beft'dr than previous experiments with the frictional resistances 
met with in sijch complex machines as steanj engines, and were in 
close agreement with hydro-dynamical theory. Taken in eonneetion 
with other experimental results,^lSiey have, thanks mainly to the 
work of Oshome Reynolds, enabled us to frame a fairly complete 
theory of high speed lubrication. 

Unfortunately, the Siime cannot be said of our knowledge of the 
static or low sfjbe.l friction of lubricated surfaces. On this subject we 
can only point out those conditions which seem to be of impor?aiice, 
and give such experimental data as are available. 

' The theory of high speed lubrication is based upon the supposition 
that a lubricant acts in virtue of its viscosity and density, physical 
properties which cause the fluid lubricant to insinuate itself between 
the relatively moving surftices and force them^ apart. Such lubri¬ 
cants, howcvbr, offer considerable resistance to shear, and at high 
speeds it is this resistance which mainly occasions the friction of 
the hearing. The value of this resistance dejamds upon the viscosity 
of the luhricant, the relative speed of the surfaces, their area and 
inclination to each other, and also upon the thickness of the 
lubricating film at each point. When these conditions are known, 
the resistanoo offered to their relative motion can, very,approximately, 
be calculated. That these really are the conditions .which detorniine 
the friefton will be seen when we come to consider bearings of 
different kyids and compare the exjtorimental results with tkoss 
deduced from theory. “ 

‘ Diruion of the Sutferf —Hearing surfaces are of various shapes, 
the most common yrm hehig cylinirical; often, however, Vhey are’ 
tnig planes j but/^liether cylindrical or flat, the opposing surfaces^ 
‘ M. Mech. £«</., 1883, 1885, 1888, 1891. 
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when’working, are seldBm quite parallel to eaijh other. In disc^l^sing 
the theory of lubrication, the subject will* be “treated under the 
following heads;— 

^ 1. Static Lubrication. 

?. Low Speed Lubrication. 

• 3. Higli Speed Lubrication. 

*Tliis order of treatment is convenient, as, although at high speeds 
the friction depends very greatly upon the shape of tiie surfaces and 
the fi^e supply of the lubricant, such is not tlie case at low speeds, 
for the surfa<!es tlien act as though they were approximately parallel, 
and the lubricating films very thin in places. 

Static Lubrication.— Jnll’-ience (tf tlie Thichtoss nf Luliricatitty 
Films .—-When two surfaces between which there is a viscous lubri¬ 
cating fluid arc pressed firmly together, the lubricant is slowly 
expelled, the faces eventually approach one another very closely, and 
in order to cause them to coimnence .diding over ciich other, con¬ 
siderable force has sometimes to be exerted, it is evident that if the 
solid surfaces were ])erfcctly smooth, and the film hiwJ an,^;'»'eciable 
thickness, any force, liowever small, would cause relative motion ; for, 
in the case of a viscous fluid film (see p. 18 (y)). 


i<’ = r 


^ ( 1 ) 


the resistance F being proportional to the speed so that when 
Cj = 0, F -- 0. j 

bearing surracos never are 2X!rfcctly smooth, and, as in the 
case of so-called solid friction, the [)rojccting particles interlock 
somewhat, even though they may be jjrcvented from actually touch¬ 
ing each other by the presence of the intervening Irbricant. It is to 
this interlocking that the static friction must be mainly attributed ; 
consequently, tlic extent to which the film of any particular liquid 
can be reduced in thickno.sH by the pressure urging the feces together 
is a very inijrarbint considemtion. 

Static Coetticieiit of Friction. —Our knowledge of the static coefficient 
of friction of well lubricated surfaces is by no means complete. Thurs¬ 
ton,’ however, has described some experiments which ho considers, on 
the whole, to have been reliable. He found that with different oils 
the variation undergone by the static coefficient with increasing load 
is very timilarfoi' each liquid, although the value of their frictional 
resistances may differ considembly. o 

Fig. 22 exhibits graphically the results obtained by Thurston with 
his oil-testing machine, when sfierin oil and lard oil were Used.' With 
sperm oil (A) the static coefficient rose veir^pidly until a pressure^ 
of aboutr70 lbs. per square ii.ch'was rcac^^efl. it then increased less 
rapidly to oOO lbs., and more rapidly again to Tnliybs.. whilst at the 

’ Friciton aiut Lust tFork\ p. 315. 
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last Vtfeservation, 1000 j 1 l>s., a further falling; off was experienced. 
Lard oil (ll), althofigli haviii^r about twice tiie viscosity of spenu oil, 
gave a much lower coefficient of friction, hut it behaved similarly, the 



^ coefficieiit rapidly risiii^ with increase of hard u]i to 100 lbs. per stpiare 
inch.- Above this loaO, ft twever, it dccigrased, passing the maximum 
at about 1.50 Ibsv^achiiijfthe minimum at .500 lbs., and*ri8ing to 
aaecoiid muximuff at 900 lbs. The general character of the curve 
is the flame as sthat for sperm oil, but with the terminal portion 
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depressed, tteavy lubricating petroleum belmvod very muoR^like 
sperm oil. • 

Lard oil must, therefore, remain, in spite of the load on the bearing, 
as a much thicker film between the surfaces than sperm oil, and must 
keep\he irregularirtes from interlocking to a greater extent. Here 
the smaller coaflicient of friction is given by the liquid having the 
gj'oater viscosity. The higher pressures stated are much greater than 
it has been found possible to employ in practice when the load is not 
intermittent. 

Pladic Friction .—When the lubricating film is a plastic substance, 
such as axle-grcasc, the conditions are difl'erent, for .sucli a film cannot 
be wholly expelled by pressure, and under ordinary working condi¬ 
tions may remain so thick that the metallic surfaces never actually 
touch, nor do the projections interlock. 

That the film cannot be wholly ex])elled will be seen from fig. 10, 
p. 29. The two surfaces AB and CD are supposed to bo approach¬ 
ing without tangential (sliding) motion, and the plastic lubricant is 
being expelled from between them by the j-.vssure set up. The load 
urging the surfaces together remaining the .same, the thiekucss of 
the film decreases until those portions of the lubricant the stresses 
upon which arc sufficient to cause shear have been expelled. Further 
approach is then arrested. 

iSueh a film offers, however, a luciisurable static resistance to shear. 
From experiments made with plastic lubricants (see p. 69) itswould 
appear that under such loads as are used in practice, and when the 
surfaces are relatively at rest, tfie film is so thick that the static oo- 
fcffii'ient is much less than that given by even good viscous lubricants, 
and also that the coefficient of friction, when the speed i.s small, 
decreases steadily with decreasing speed until the static coefficient 
is approximated. 

Fjffecls of Superficial. Ten.'.ion .—Kven when liquid lubricants alone 
are used, if the pressures forcing the surfaces together are not too 
great, the liquid film is only partially expelled, and the irregularities* 
of metallic surfaces are, to some extent, imeveuted from interlocking 
and from (Uitting or "ibrading each other when set in motion, 
different lubricants form films of very dift'erent degrees of thickness. 
The property dues not seem to be in any direct way related to 
viscosity, for equally mobile liquids vary greatly in their power of 
forming thick stable films and reducuig friction. Although this 
subjee* has hqen already dealt with at some length in Chapter HI., 
wo will again refer to a few of the main points which soom to have a 
bearing u{K)n the st.dic coefficient of friction. 

Mineral, unlike animal aiui vegetable, oils, seem for tjie most part 
deficient in this property of forming thick, Bermauent films. When 
used for bearings which have,to carry cowp^ativoly heavy loads on 
small rubbing surfaces, mineral lubricaifts are, Jiercfore, often mixed 
with animal or vegetable oils, fats, grease.., eto. JChe power which a 
liquid film possesses of resisting complete expulsion from between two 
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met^hic sni‘fa«eK may regarded as due to two eausos.' In the first 
place, there is thh inVerfacial action which causes oils to spread 
themselves over metallic surfaces. Ihiyloigh has shown that when 
several liquids are brought into contact with a solid whose sijrface 
tension is greater than that of eitlier of theiil, the conditions of 
equilibrium or of minimum jwtential energy are veatisfied when 
the liquid of greatest surface tension is in contact with the soli^, 
and the other liquids fussumc the order of their relative surface 
tensions. 

Water, however, although it has a greater surface tension, cannot, 
as a rule, displace oils, fats, greases, etc., from the surfaces of solids, 
for such substances are insoluble in water and insinuate themselves 
among the surface jiarticlcs of the solid, from which they are not 
easily separated. When the temperature is high, and the surfaces 
abrade each other, water is apt to displace the lubricant and seri¬ 
ously increase the friction coefiicieut. Thus, water arising from 
condensation in steam pij>es, etc., interferes seriously with the proper 
lubrication of valves, piston rings, etc., upon wliich it is apt to 
be depoaitol. 

All lubricants- have smaller^surface tensions than the solids be¬ 
tween which they arc used, consequently they readily spread over 
and wet such surfaces. Were it Jiot for this action, it would bo 
impossible to apply the lubricant iff many of the ways now commonly 
employed. 

But in addition to this power of spreading over, or weMiag, metallic 
surfaces, note ^nust be tiiken of the jKiwor certain films possess of 
resisting disruption. For instance, a film of jmre water rupt"-ys 
almost immediately it forms. Such a film con-sists of two surfaces, 
iy each of which the molecules ai’e in a jioculiar condition of stress. 
When the marginal molecules of the two surfaces meet, the film 
becomes locally weak and ruptures. The siddition of a little soap, 
although it reduces the surface tension of the film by nearly one 
chalf, causes it to persist and strongly resist rupUirc at points where 
it has become thin. 

Dupre and llayleigh proved that, at the moment of their formation, 
surfaces of soapy water have hardly less surface tension than pure 
water. The soap in the film is slowly concentrated from the interior, 
and not only alters its tension and prevents it from rupturing, but 
also increases its viscosity. Clean water supplied to hydraulic 
machinery has little or no lubricating effect upon thi bearing sur¬ 
faces of valves and other moving parts, which, when imlul ricated, 
abrade each other very rapidly. A little soap added to the water 
fnakes all the difference. The film tesist.s i-upfure, feels ' soapy ’ 
between the fingers, be^mies more viscous, and keeps the metallic 
surfaces from abrading eiwh other. , r ^ 

Owing to the conc^tratioi! of the soap in the surface film, only, 
a very small quauti^r is required to secure the proper lubrication of 
hvdraulic valves, etc. ‘ 
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The reBult*prodiiced*by the varying thicknesses of the permanent 
greasy films of different lubricants has already be^a seen, as regards 
sperm oil and lard oil, in the case of the static friction coefficient. 
But M its value in lubricating problems is most marked when the 
speed*is low and th(f loads high, detailed reference to it is convenient 
at this juncture* 

,Low Speed Lubrication. —hijluenre of the Nature, avd Condition of 
the Fridinn Surfaces .—At high siiecds we shall find that with suitably 
designed bearings the lubricant liecomes trapped in relatively oousider- 
ablc liolume between the moving surfaces, and as it cannot escape 
freely again, the surfaces remain completely separated by a viscous 
film (see p. (>i). At very low speeds, however, this is not the case, 
and if the load be too great, or the rubbing surfaces arc of unsuitable 
materials, there is danger of so cutting and tearing the bearings that 
they will ruu hoi. Static friction and low speed friction effects are, 
indeed, of great importance in almost all cases, for machines have 
generally to lie started from rest with considerable loads on tbe 
bearings. This is especially the case with th ,• axles of railway vehicles, 
the Journals of which require very careful lubrication ; end^trjtncc and, 
a low coefficient of friction being of paramount importance. Tbe 
friction of turntable centres, of the motion pins of slowly moving 
engines, etc., and indeed of the rubbing surfaces of all kinds of slowly 
moving maeliinery, is largely dependent upon the nature of such 
surfaces, .and upon tlic greasincss or oiliness of the lubricant u*d, its 
viscosity, and the rate at which the viscosity decreases with rise of 
temperature. 

The irregidarities of oven smooth rubbing surfaces, although they 
may be separated over considerable areas by continuous films of the 
lubricant, often actually engage each other at numerous points. At 
such places abrasion occurs, often without seriou,s results, for the 
liberated heat can, in moat cases, pass frt'oly away, and the lubricating 
film is not permanently broken. Should, however, the materials 
forming the bearing surfaces be such that when forced into contact, 
they readily weld together, large areas of the surfaces may eventually 
seize. Therefore, although at all ordinary running speeds the friction 
depends almost wholly upon the action of the lubricant, and very 
little, if at all, upon the nature of tho surfaces in contact, it cannot 
be too clearly understood that, at low speeds and with heavy loads, 
this is by no moans the case, and that so much injury may be done at 
starting that even if the surfaces do not seize, they may be made so 
uneven that tlm liquid film cannot be properly formed between them 
at highVuuniiig speeds, and the friction, owing to the fornlation of a 
thin film of irregular thickness, may become so grcajj th^t undue 
heating will result. « 

The, effects at low speeds are practica'.Iy\the same whether thS 
surfaces be plain, cylindrical, or of doubfe curvature. In this respect 
again the laws of low speed friction differ* frjim those obtaining 
at high speeds^ jlor at high speeds the magnitude of the ooefiBcient 
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depAids upon the shape of tlic surfaces as well as upon the nature of 
the lubricant, etc.• 

The great frictional resistjince met with at low speeds is well 
known to all who have noticed heavy machinery running slowly, or 
who have seen hydraulic pumping engines start? from rest. T^i the 
latter case, from the moment the engine eommenoes ito move, it has 
to deal with the full load on all its bearings. In consequence of 
this all the faces are firmly pressed together, and the lubricating film, 
especially if it bo a mineral oil, is not sufficioutly thick to prevent 
even the minute irregularities of the surfaces from interlijcking 
somewhat, and the bearings often ‘groan’ and the parts move by 
jerks, iiut as the speed increases this jerky motion decreases, the 
machinery ‘ groans' less and lo.s.s, and finally moves easily and 
noiselessly. At the lower speed the luhrieation is im])errect, hut by * 
the time the relative speeds of tlie rubbing surfaecs liave readied 
10 or 20 feet jior minute, comparatively thick films of oil have 
boon thrust by the motion of the shafts, etc., between them and 
their bearings, and the load is carried by oil films only. When 
these cqn^aratively thick films have formed, and the faces either 
wholly or over the creator part of their surfaces have separated, the 
lubrication is said to he ‘perfect.’ 

Tnjlm'nre of Hui I’mcosifi/ ami Mimufs of the Luhricanf .—At low 
speeds, especially under heavy ‘Toads, and in all cases where a 
compl/itc oil film cannot form between the friction surfaces, the 
viscosity and the oilinoss (luhricifii, uncliiosity) of the lubricant 
arc of great importance. These properties, tliongh distinct, are 
related in soiie way, for it will generally be found, with oils of 
the same da,ss, that the friction-reducing power at low speeds is 
in the same order as the viscosity, though in comparing mineral 
oils with animal and vegetable oils of the same viscosity the latter 
will be found to have the greater friction-reducing power, owing 
to their greiUcr oiline.ss.' Some experimental results illustrating 
,these facts are recorded in 'I'ablcs Xdl. o, ..nd n (p. 345). 
Everything d(?pendH, however, upon the speed and the load; for, 
from the moment the surfaces eommenee to move relatively to 
each other, the oil tends to l>e forced between them and, there¬ 
fore, as the speed increases and the film becomes thicker and more 
oomploto, so the reduction of friction becomes more and more de¬ 
pendent ujinn the viscosity and less upon the oilinoss of the lubricant 
employed. , o 

Injlueiice of tli£ Method of Luliriealinn.—'iho. is n uch less 

dependenV upon the method of lubrication at low speeds 'than at 
'higher speeds; indeed, with a short oiiord of hearing surfitco, und 
therefore with heavy Imds per stpiare ineli, thi friction is approi- 
fmately the same wly^thcr the j)a<l,, ojl-bath, or other system of 

iJ I 

^ Some authors use^je torm ‘body’ to signify the ju’oi)erty of oiliness, bnt 
by others this term ha^boen cmnloved to mean viscusitv. combined capillaritv and 
viscosity, etc. 
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Jtibrication adopted. With less heavy loads the friction i8*more 
variable. * 

The following results were obtained by Goodman ';— 


Table V.— Fiii’ctional Resistances at a Si'eeo of 7'8 Fekt 
• FEE Minute. 



Length of Choril nf lU aring Suvfucu (niches). 

^jstcin rtf liUhricJitkm. 







2-(» 

IT.") 

] 5 

1-0 

o-r> 



Mean hVictioiial KcBistances. 


Oil-batli, 

n'j2 

0-7() 

()-C4 

()'48 

0-47 

Saturated pad, 

113 

0*92 

0-72 

0*4H 

()-4e 

Oily pad, 

1H7 

1-25 

0*94 

()-.->7 

OAl 


Uiipjicient <\f FriHinn at Low Sjieeits. —Experiments on the eoctticient 
of friction at very low speeds have been made by .lenkiii and Ewing,^ 
who ino.asured the friction at such low veloeitii-s as O'OOOd feet per 
second. They employed very eousiderahle loiids, and tlieir ^Jearing 
surfaces were spindles resting upon flat snrfaciis. These conditions 
were found by Kimball to favour a eoellieient deereiusing continuously 
with increase of speed. o 

'Jt'ukin and Ewing state that in the ca.se of steel upon brass, 
lubricated with oil, the coeftieient was found to ho 0T46 at all speeds 
from 0'0002 to 0'00G4 feet per .second. In the case of steel upon steel, 
however, the eoeflioient increased from 0‘i 19 at 0'0''09 feet jicr second 
to 0T3 at O'OOIG foot per second. This increase, and also a subsequent 
decrease of the eocfficient of friction with increasing speed, is much 
more clearly brought ont by Kinib.all, whose apjiaratus is thus 
described:— 

“A shaft one inch iii diameter was luljnsted so that it could he 
driven at almost any rate between one revolution in two days and a 
thousand in a minute, A hole was Iwred through a block of cast 
iron 3J"x3^"xl^" and carefully fitted to the shaft; rigid iron 
rods were screwed into the top and Ixittom of this block, and adjusted 
so as fo staniT in ,a vertical line at right angles to the shaft. ITjxin 
these rpds slotted weights could be placed, and thus the pressure 
ujjon the shaft and the centre of gravity of the brake^oould bo 
readily adjusted.” 

’ l•’rkUml and Lubricatvm JhiiMn^pamiililot), 18S0, p. 133. 

^ mi. Trans., im,v. m. 
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The two following tahlee give the resnlte obtained 
Tablr VI. 


Feet per Jlinutc. 

Cm. per Hecond. 

• Uelative Valuoa of^ j 

Kriction Cocttlcieiit. i 

r 


•00029.5 

0^37 • 

■(8)325 

•001144 

0-51 ! 

•oo.eoo 

•002540 

0-73 

•01100 

•00.5590 

1-00 


These results show a coefficient increitsing as the velocity increases. 


Tabi.r VII. 


Feet i»er llimitc. 

1 Cm. per Mccotid. 

! KelatlvD Values of 

Friction Coefllcleut. 

*~ t !-0 

1 

3*05 1 

1 

1-00 

22-6 

11-49 

0-60 

50-4 

25-61 

0-46 

no -0 

i 

A|«o 1 

0-29 


These results show a coefficient lUn-easing as the velocity increases. 

That the coe^licieut of friction of lubricated bearings at very low 
speeds is often greater than the static coefficient is supported by 
many other facts, (ioodnian’s experiments (Table VIII. p. (11) may be 
instanced. On the diagram, fig. 3.1, the curve A shows the manner 
in which, in these e.xperiment.s, the friction varied at moderately low 
speeds with a load of 150 lbs. per stpiare inch. If the curve A were 
continued so iSi to cut the ordinate of no speed, the static coefficient 
•would bo about 0'31. This i.s for bith lubricatiou. With saturated 
pad lubrication (curve H) the Bbitic coefficient would be about 0"27. 
'I’hesc are high figures when compared with the static coefficients 
obtained by Thurston, wliich are given on the diagram, fig. 33. It 
is probable that had (loodman experimented at mudi lower sjjeeds, 
ho would have found that the friction assumed a maximum at a 
comparatively low velocity, and then decreased again as the speed 
deei'eased. Wellington’s results* were obtained bw noting the 
rcsistauce^oti'ered to the motion of wagons, and eaniK S ne eo.jsidered 
Rs accurate measures 'of journal friction at vejy iow speeds,* as the 
resistance wa»' duo partly to the rollwy friction of the wheels on the 
rjiils, partly to vibratii w, etc. With lubricatet journals it would 
: appear that the cooffici^itef friction is at u maximum at-som^ speed 
‘below one centime^ per Second ( = about 3 feet per minute). 
Ki’mball''' says that%u Increase in the pressure betw'ecn the surfaces 

‘ I’raim^mer. Sm. Civ. A’rty.,,1884. Auuir. Jw^nt, Seimice, 1876. ■ 
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in contact changes tlie value of the maximum coefficient, iiiid makes it 
correspond to a sniallui' velocity. 'J'he more yielding the materials 
between which the friction oeciii's, the higher is the velocity at which 
the maximum coefficient is found. Heating the bearings changes the 
position of the maximum ciHifficieut to a highef velocity. Iif the 
vicinity of the maximum coefficient, the friction generally remains 
sensibly constant fora considerable range of velocities. With speeejs 
above one cenlinietrc per siwoiid, or thereabouts, a viscous lubricant 
being used, the friction of journals falls rapidly until a velocity of 
about five centimetres per second ( = about 10 foot per minute) is 
reached, and then ineroases very slowly to the highest speeds at a 
rate depending upon the method of lubrication employed. This 
change of the coefficient of friction with increasing speed is sliown on 
the diagram, tig. :J4. From a to b the curve I'ises, indicating that ' 
at tlie lowest sjiccds, helow one centimetre jicr second, the coefficient 

of friction increases with increas¬ 



ing speed. With further increase 
of speed, the coefficient of friction 
rapidly decreases and reaches a 
minimmii (at c), if the lubrication 
is giKwl, at a s[)eod of about five 
centimetres per second ; it then 
slowly iiurreases .again. With 
imperfect lubrication, or with 
plastic lubricants, the coefficient 


24. “f friction falls less rapidly from 

b ; indeed, the speed may reach 
100 feet j)er minute before the lowest point c of the curve is 
veached. 


At one time it was supposed that there was always a sudden eliango 
in the value of tlic coefficient of friction when the surfaces in contact 


came rclativclw to rest. This was shown to be erroneous by Jenkiii 
,and Fwiiig, who found that although the frictions of icst and of motion 
have O.ften very different vahics, in no iustiinco was there a sudden 
or abrupt change in value, the kinetic cocffici'-nt gradually changing 
as the sjMicd decreased until the static coefficient was reached. Their 
experiments wore made at extremely low velocities, as stated onp. 57, 
and from the results obtained we may safely conclude that the 
coefficient grad\ially changes when the velocity hecomcj .small, so as 
to pass without diseoiitiimity into the friction of rest, i ». 

Snbsociuent expcriinont has amply confirmed this view, .''till our 
knowledge of the variations which the kinetic fiietion urfdergoes 
•with eha.’!ge,./i speed is by no means#-complete, few experimefits 
having hoeii carried ontjat very low velocities. 

In -Table IX. (p. 70)f wkieh will be fuljy described later, tlij value 
of a certain constant, C, leafls to the belief that, as in the case of 
cyKndrioal surfaoes^tho lubrication of plane surfaces is also imperfect 
at low sgeods anck with lieav^ loads. When the valj^e of C ceases to 
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vttry, the proesure film lias, there is every reason to believe, establfshed 
itself. • • 

At a mean speed of about 60 feet per minute, and with greater 
loads tliau 60 lb.s. per sipiaro inch, the pressure film is partly crits/ieil 
out t(li<i tlio friction«l)eoomcs abnormally groat, as shown by the large 
and increasing j’alue of <1. At 90 feet jier minute, even 160 lbs. per 
square inch is satisfactorily carried, but at speeds below 1 ;1 feet per 
minute, oven with 20 lbs. per sipiare inch, the pressure film is not 
properly formed and the friction is high. 

•Tahle VJlI.’—Uu.sNUBS i.v Vahjh of tub C'onrHcrRNT of 
Khiction with Incruasino Si'kkd. 


tfoellicients of Friction (fij) under u pressure of 


per Minute. 

50 il)8. per 84]. in. 

75 n>8. ])ur eq. lu. 

ir>() 11)8, j)€r s(j. in. 

T) 


•0025 

■1145 

10 

•0009 

•0007 

•0250 

15 

•00 j a 

•0008 

...lol 

20 

•0014 

•(XKJ9 

•0034 

25 

■mi 7 

•0011 

•0027 

30 

•0021 

•0013 

•0023 

40 

•0020 

•0010 

•0019 

M 

•0032 

•0018 

•001% 

7(1 

•0042 

•0024 

•0017 

90 

■0053 

•0030 

•0020 

110 

•0004 

•0030 

•0024 

KiO 

•0075 

•0042 

•0029 

X.fiO 

•(M)80 

•(X)48 

•0035 

170 

•0000 

•00.54 

•0041 

190 

•0100 

•0000 

•0047 


In the case of a journal, the high eoefticient of friction at low speeds^ 
is also very striking, especially when the load per apiare inch is 
considerable. 'I'able VIII. shows the changes in the value of /ij with 
increasing speed when the pressure is IfiO lbs., 7.6 lbs., and .50 Ih.s. 
per scpiarc inch, and the journal flooiled with the lubricant. With 
the sm.allcr load, even at such a speed as 10 foot per minute, the 
coefficient of friction is small. At 7.5 lbs. j>crs(pmre inch the friction is 
at a rnjnimuitj between 5 and 10 feet per minulo, wlnlst at 150 Ihs. 
per S(jnare inch the minimum frictional resistance is not reached 
until asspeod oi abc it 40 feet per minute is attaiijed. In otlier woitIs, 
tltt lubrication, ox.jupt with ^nall loads, is imncncct^i t ^ lov’ speeds, a 
hig+i speed being reejuired to form a Bustainijig liipiid pressure-film. 

Although the above statements conceriungithe changes which tlffi 
low sjiCcd friction undergoes with slight«hanges of speed are doubtless 

' These figures have been obtained by plotting the given in Goodman’s 

tables. 
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correct for certain conditions, the effects prodiftied ))y changes in the 
viscosity and othci properties of the lubricant, the method of its 
application, an<l tlio form and condition of the rubbing surfaces, are 
only imperfectly known. Neither Inis tlic action of a lubricant in 
decreasing friction, wlien the speeds of rubbing we small, beei/ sub¬ 
jected, nor does it appear to be amenable, to matlioinufieal treatment. 
However, tlie conditions obtaining under such uiroumstauoes can bo 
given approximately. ' 

Theori/ oj Low Speed Luhricaiion .—Wo have already pointed" out 
that if the irregularities of the surfaces did not interlock, the friction 
would be much smaller than it rerilly is at very low speeds ; indiied 
the friction at rest, if the viscous lubricating film were suttieicntly 
thick to ])i-event iiiterh«;king, would be nil. We may, therefore, 
assume that the surface irregularities are large as compared with the • 
thickiKiss of such a lubrie.atiug film, and that as the speed increases 
the film becomes thicker. 

The acition will be understood from fig. 25, which shows a highly 
magnified section of two imaginary surfaces in slow relative motion, 
prevented from touching by a viscous lubricating film. As the 

surfaces move over each other the 



elcnited portions alternately ap¬ 
proach and recede, and the greater 
relative speed the more rapid 
is this action. Each time two 


Kic. 26. such elevated points as A and B 

approach, the liquid is expelled 
from between tliem, and then drawn in again as they recede from 
each other. But the viscosity and oiliness of the lubricant resist 
this alternate sejneeziug out and drawing in of the film more and 
more jiowerfully as the speed of rubbing increases. 

The more ra])id the relative movement, the smaller is the volume 
of lubricant forced from between the asperities, and the thicker the 
jfilm becomes. Even at very low speeds this thij^kering of the film 
is assisted by tthe lubricant which is irai> 2 >ed at the front edge of the 
bearing. Tliia jjoiut will be dealt with at a later stage, as to it must 
maiidy be aserilKid the low friction of even flat surfaces at high 
speed.s. 'I’he thickening action occa.sioncd by tlie asperities passing 
over eiich other can otdy occur to a very limited extent, and would 
seem to prevent the kinetic friction atwry/oic speeds from exceeding 
the static friction by so much as it otherwise wcmld. , , 

The resistance due to the viscosity of the film is ^roporti-nal to 
the speecP of rubbigg, and inversely proportional to the thickness 
of the filiu., ,Hjp to speeds somewhat# below one centimetre per 
second we nmst, therefojc, assume that the Iiibricrting film does'not 
thicken with sufficient rsipijlity to prevgnj. the speed from increasing 
the frictional resistance. • At greater speeds, however, thi film , 
thickens so rapidly,^ oomimred with the increase in speed, that the 
coefficient soon falls to a small fraction of its original value. 
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Within certain limi*, tlie Hmoother the surfaces the smalle? the 
static coefficient; but at very low speeds such rurfaues give com¬ 
paratively higli frictional resisbinces, for the films are then exceedingly 
thin, and are not increased in thickness much by the action above 
described. • 

Lulricaiion igiili. PJaatic Suliiln. —For a number of years greases 
wore almost exclusively used for railway axles. They are generally 
eftiulsions of fat or oil, soap and water. Such axle gro!us<'s are plastic 
rather than viscous mixtures, and require the o.xertiou of a certain 
dehnito ])re.ssure to cause them to flow. Dwing to this fact, they 
cannot l)e completely squeezed out from between the journal and 
its bearing Tliey an;, on the other hand, readily forced in at the 
liiglier velocities. Altlioiigh ofleringnmeh more resistance to motion 
»at high spcisis than does a liihriciint of low viscosity, tlie mnch 
greater thickness of the jdastie film, when the s]ieed is low, makes 
the static friction less tlian is given by most, if not by all, truly 
viscous fluids. On tliis aeeouut, although the friction of a rapidly 
moving train lubricated by oil may he nme’. less than when plastic 
greases are used, a much greater force is nspiirod to .set tlio coaches 
in motion. Oreascs liave consequently maintiiined their position as 
hdiricants for low speed goods trains on most lines. 

T. 0. Clayton' made a scries of exjierimcnls to a.scertain the 
friction of eoaelies belonging to various railway companies with a 
view to measuring the sfevtie friction wlien using oil and grease, 
respectively, as lubricants. He found th.it, on the average, a tractive 
force of 12-r)2 lbs. per ton was required to move a coach when 
lubricated witli grease, whilst a force of 18'r)4 lbs.* per ton was 
required wlion oil was used. 

To kecqj the rubbing snrfaoes of lM;aring8 from coming into contact, 
owing to the expuhsion of the lubricant by the load when their 
relative velocities are small, oils, fats and grease's containing solid 
lubricants, such as graphite, are much more extensively used than 
are such solids alonCj As a rule, the viscous or plastic matrix acts, 
as a carrier for tlie solid Uihricanl, and enables it to h^ more readily 
applied to tlie rubbing surface. It is placed in such a position, with 
regard to the hearing, that should the liquid lubricant bo rubbed 
out, the heat arisinj.' from the iiicreasod friction melts the matrix, 
and the mixture, containing the solid in .susiicnsion, immediately runs 
ou to the dry surface. 

Sucl^ mixUijes arc mostly suitable for heavy pressures and low 
speeds. At high speeds their frictional eoefficieiit is very great, and 
the heating aiuT lo.s- of power which tliey canr x. is p ropiiftioiiately 
serious. • Tlieir use is, tliorefore, almost ciilircly reBtr!5*^^,^iearing3 
whirfi are only in motion oocasionally, or to ijich as the Journals of 
■ tip wagons, or tlie axles an^ gpindles of fj^uling machinery.^ The* 

' Lubrir/Uion miff Tractioti relatiny Co Ha/Tway Cttrtiagcit {liamiihlei). William 

Clowes & Sons, 1892. ’ • 

Further iiiforinatiuii oil the use of arreaBefor locomotive axles is given on p, 467, 
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solicf portion of the lubricant finds its way ifito the surface irregu¬ 
larities and fills thim up, thus increasing their smoothness. It also 
prevents the metals from welding to each other at points where they 
are forced into contact by excessive ])rcsaure. Solid liihrioauts are 
often mixed with li<juid ones and used for rubbing surfaces <vhioh 
liave not properly worn themselves true, for ulthougl^ the eooffieient 
of friction may be higli, and the hearings become lioated, the solid 
lubricant prevents the injury that woidd otlierwiso result from the 
doereased viscosity of the liejuid. Tims graphite, soapstone, and 
paraffin wax melted together aud worked, while hot, into a plaited 
rope of cotton, j<ito or hemp, constitute an excellent jjacking for 
.piston-rod and other gland.s. The wax keeps the packing soft and 
pliable, the soapstone and graphite serve to make it diiralde, whilst 
the fibrous material binds the wliole together and gives it a form*, 
eonvenient for the user. 

High Speed lubrication.— Tim Pn sxutv. FiJw.~ At a speed depend¬ 
ing greatly upon tlie load and the nature of the lubricant, tlie rubbing 
surfaces commeucc to sejKirate, and a eomparativcly tliick presmri' 
film forms between tlicm aud carries the loa<l. Tlie extonr to whieli 
the tliieliiiess of tin's film increases with tlie speed varies not only 
according to the load, the viscosit}' of the lubriuant, the area of the 
bearing, and the speed, but also. according to tlie sliape of the 
surfaces and the relative jmsitionafthoy a.ssinne. As illnstrations of 
the conditions under wliieh pressure films are pi miiieed, and tliose whicli 
deterii'ine their tliickness, it will be convenient first to consider tlie 
ease of parallel plane surfaces, then of plaiie surfaces iiielincd to each 
other, aud finally of cylindrical surfaces such as tho.se of journals. 

iMl/ririitiim of Parallel Plane iSMr/'aees.*-—Although ncitlior a very 
common form of bearing nor one that will carry very great loads, the 
conditions whicli obtain when jiarallel plane surfaces are pressed 
together, and caused to slide over eacli otlier, are of consideratile 
interest, for tlie laws wliieli govern the frictional resistance in such 
eases serve to illustrate very clearly the mode 'u which viscoms 
siihstaiiees reiSuee the friction laitwceu relatively moving bodies. 

The subject was one tliat engaged ,tlie close attention of 
Keaueliamp Tower. Indeed, had it not lieeii for his experimental 
work, to wliich reference has already been made, we sliould liave lieen 
witliout the data upon which to found a hydro-dynamical theory. 
(.)f tlie experiments made by 'I’ower, tliose on pivot friet’on have most 
lieariiig upon the sulijoet in hand. , 

In tliese cxporinionts, faces which were free to iiiove to or from 
each otlier were nw'.itahied parallel. Tlie pivot experimented with 
•was mailu 'if'.fioel, had a perfectly flat^nd .‘I inches in diameter, *nid 
was pressed against a yiungaiiosc hronsc bearing in such a mftnner 
‘that tlie faces, althongli ^licy could se^mrate, were always parallel to 
one another. The exact, firm of hearing and the detailif' of the 
iiiacliiiie einployed^are given on pp. .'(67- 8. Tiie lubricant was supplied 
^ Deeley iukI Wolff, Th.r Engiver.r^ lOtli Juituury I89S, p. 25. 
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through a hole in the centre of the bearing, aijd was distributed by 
two radial grooves extending from the centre hoie to within a of 
an inch of the periphery of the bearing aurfacc. Tn this way the 
bearii;g was always ^ept flooded with oil, which remained clean and 
bright during the experiments, iudi<!ating that no abrasive action 
was taking plaoi?. In other words, the lubrication was ‘perfect ’; i.e. 
tl»ro was a comparatively thick film of oil maintained under pressure 
between the surfaces, which were thus prevented from touching each 
other. To tlie viscous action of this oil film the friction was wholly 
due,-being smaller the thicker the film, and greater the higher the 
speed. However, with each change of speed or load a corrosjwuding 
oliange in the thickness of the film, and therefore of the frictional 
jesistaiico, took place. 

Kig. 20 illustrates the action of such a film. It shows two 
pai-allel planes of unlimited length and breadth separated by a viscous 
film of thickness r^. The upper plane CD is supposed to be fixed. 


A 


Fio. 26. Fi«. 27. 

while the lower plane AB moves in the direction of tl; j : rrow with a 
velocity x,. By the definition of viscosity (p. 18) there will be a 
tangential resistance to motion 

. 

’o 

1 ) being the viscosity of the liquid. When one plane has an area A, 
the total resistance to motion 

F = .(3) 

’'o 

The tangential motion varies uniformly from Xj at AB to nil at 
CD. Thus, if the length FC be taken to represent v^, then the 
length of the line PN will represent the velocity at P. 

WheiV'first thf planes arc set in motion, the inertia of the viscous 
liquid prevents it from at once assuming this condition of flow^ but in 
a comparatively short period all irregularities of ulst,'''Tj, subside, and 
the Vtlpcily of the liquid at an^ plane is strictly proportitmal to its 
distance fiom CD. 

In«7tia,. effects also show themselves vhe',! one plane is of finite 
extent. They tend to throw the surfaces apart, and maintain a film 
of the liquid between them. In fig. 27 the surface 'CD is supposed to 
-be of limited leng^, both parallel with apd in a direction pc>-nfln- 
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dioular to the paper. AH is flooded with oil, which when approaching, 
but at some distance from D, is moving at the .speed ■«] of the piano 
AB. Just before reaching I), a relative motion or dLstortiou of the 
fluid i.s produced. At D t’lo oil in actual contact with the fixed plane 
is at rest, and tlio remainder, instcjirl of passing along between the 
surfaoos in such a luauner that the rate of distortidn i.s everywhere 
the same, as in fig. 26, is caiised by its own inertia to enter the 8pii.oe 
between the pianos, and to flow in such a way that—as shown in 
tig. 27—the rate of distortion becomes mueh greater near the jilane 
CL) than near the plane A B; whilst, at the end C, the rate of\LLstor- 
tion of the lubricant, in virtue of its viscosity, may have become 
approximately the same at all planes. Under these conditions, there¬ 
fore, the lines KC are curved, the rate of distortion is greater ne^, 
CD than near AB, and the volumes passed at each section are pro.^ 
portional to the areas euelo.sed by KKC. It will be noticed that 
these area.s aro larger at the entrance D than at the exit C, part of 
the cxce.ss of liipiid escaping laterally, owing to the comparatively 
small width of the plane CD in a direction perpendicular to the 
surface, of the paper. When the velocity with which the lower plane 
moves is very smad, the volume carried in between the surfaces 


is nearly proportional 


to 


EF. (IF 


and at the opposite end of the 


plane the same volume is canded ont; but as the speed increases, 
the volume introduced may exceed the volume carried out at C by 


an amount almost proportional to ICF.CF 


KF . CF 
2 


EF . (JF 
2 


at wdiich the excess remains unaltered, however much the speed may 
be increased. 

When the pianos arc of considerable area, and are close together, 
the viscosity of the oil powerhdly resists its escape at all points, and at 
the same time, by tending to make the rates of distortion everywhere 
espial, cau-ses it to accumulate and force the planes apart until the 
forces arc in equilibrium. This action is going on at all points between 
the surfaco.s when their length, me.asurcd in the direction of motion, 
is not very great. The force tending to throw the planes apart is, 
therefore, distributed over them much as is the force resisting the 
approach of two surfaces sejiarated by a viscous medium. 

In thi.s way, when the opposing surfaces arq, l.'ept parallel, a 
pressure fili^is.irriivintained between them, and a considtirable load 
may be ..u^irted by (ID, so long as AB is in rapid motion.' The 
resistnuco to the raotioi, of the lower plane is then due wlfbily to 
the viscosity of the liqiihl^film. Itd;^ however, somewhat„_in excess 

of the value obtained by the formula V = for owing to the 

exc es°-of oil introduced at^D, the conditions of mqtion are not exactly 
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those shown in fig. 26. ‘No correction for tliis small difference ^’ill 
bo attempted. t 

Wo will in the first place deal with the condition.s determining the 
volume V, introduced through the relative motion of the surfaces and 
the ctensity of the liquid. Th<> viscous liipiid resting upon AB .at 
points distant fjoni the surface dl), is moving with a velocity i\. 
At the point 1), when the velocity is considerahlo, the liquid is thrown 
against the opening between the surfaces, much in the same way as 
water fi'oni the combining cone of an injector is thrown against the 
orifice^ of the delivery cone. Its power of entering the opening may 
be regarded as proportional to the density of the liquid and to the 
square of the velocity. It is almost independent of the viscosity ; for 
the entrance of the liipiid is as much opposed by its adherence to CD 
«s it is .assisted by its adherence to AB. 

No doubt, .at low speeds, as the lo.ad urging the faces together is 
increased, the volume entering decreases more rapidly than does the 
distance separating the rubbing surfrccs, until finally the marginal 
pressure of the iuqirisoncd film jirevents th • licpiid from entering at 
all, and the fac(!S close together; but when the 8])eod is great.and the 
load is increased, there Ls re<a,son to Buppo.se that the liquid fails quite 
suddenly to get between the surfaces, which thereupon ‘seize.’ We 
may therefore assume that, except at low speeds, the volinnc, V, enter¬ 
ing is approximately iirofKU-tioual to v^r^h, where is the distance 
between the surfaces .and l> the length of the orifice .at D. 

In the case of a rectangular bearing, the viscous liquid is introduced 
along one side and escapes .along the margin of the other three, and 
the huger the volume intniducod, the more the bearing surf.acos part 
in order to allow it to escape. 

The conilitions attending the e.scapc of the fluid may, therefore, bo 
well illustrated by taking the case of parallel surfaces approaching 
each other without tangential 
motion (fig. 28).^ The fluid has 
to ho squeezed out frojn between 
the surfaces, and since there is 
no motion of the fluid ii. contact 
with the .surfaces, the horizontal 
velocity will be greatest half-.vay 
between them, nolluiig at 0 (the 
middle of (ID), and greatest at 
the ends. Thij is for planes of 
infinite length in a direction 
perpendic'iil.ar to tl. pl.ine of the paper. If in- certain state of 
■motion—shown by the dotte*lines in fig. 28—the'lipa''''.between 
AB and CD be divided into ton equal parts by verticaT lines, and 
■if those linos be sujiposcd tc rnove with tig; fluid, they will shortly 
after assume the positions on the curveu' lines, in which the areas 
included between each pair of ,curved lines is the same as in the 
' Os^orue Koyuolds, Phil. Trans., 1886, p.*173. 
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dotted figure. Tf it were not for the inertia of the finid, the lines 
would 1)6 aha<)lu\,o, iasteiid of ajijiroximate, ]iiirabolas. It can he at 
once seen that tlie curved lines indicate the rates of distortion at 
different ])oints, and, as force is reejuired to maintain tlic rate of 
distortion iit each plane constant, a vertical 'prossure, W, nnist be 
applied to foroo tlie liijuid out. Tiio pressure will,be greatest at 0, 
and will fall off towards the ends (1 and l>. 

In the ease of an ellipse of aeini-axea a and h, it follows from 0.sborne 
Keynoldfl’ e([uation8 that the velocity of normal ajiproach is propor¬ 
tional to 

Tlierufore, the e.sca])iiig volume may he written 

“ aV„ 

We thus ubtain exjjre&sions for the volume, V, of the viscnuslhinid intro¬ 
duced by the motion of tlie heariiij», and also for the moliou, of the 
lifiuid proshed out liy the weight on the hnnss. In order tliat the conditions 
of t!ow iiiay remain constaul, these two vjilues must he e(j[ual, consefpivntly, 



• v^v, .... 

. . (6) 


~rrh~ 

■ • (6) 

and 

_,,r„nV(«2+/r>) 

' '' aWr, 

. . (7) 

Therefore, 

rj f, • ■ 

. • (R) 


o 


The left-hand term of this e^j[lUltion gives us the value of required 
to mainlaiu the plates in steady motion, since F (equation 1) is inversely 
pro[>ortioiial to and directly proportional to v^-qa. 

.-.Foe ... (9) 

\' h * ^ ' 

which, in the case of a circle, when h—a^ resolves itself into 

^'0= J^mr, .(10) 

and, as the coefficient of friction (;i,) is equal to the re.sistance F divided 
by the total load, 

s/-^ ■ • 0- • ' ■ (II) 

The values of E.and the coefBcient of friction will, therefore, vary 

• with t.lip Khflpgrnf the surface boundary, but will bo constant' for 
surfaces oP similar shapes. Hence, in tlio e^asc of the circle, ellipse, 

* and rectangle, we see fhat, the proportions being unaltered, and 
the premises correct, the friction varies as the fourth root of the area 
of the surfaces. 

Experiment a^fpettrs to boar out this statement, for it has been 


A 
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found tliat ttic• coefficient of fi’iction of a pivot or piano surfaco is 
aff'eotod much lean by the size of tho bearing tlian by the velocity at 
which it runs or by the load which it carries, the pressure film being 
unbroken. 

Although in TowSr's exi>criment« every ciiro was taken to 
measure the friction between the surfaces, and to keep them in good 
cottditiou, no attempt was made to a,seert!vin the rise of temperature 
produced by different speerls aud loads, or the value of the viscosity 
of the oil used. Some resistance to motion must also have been 
offered--by the oil film surrounding the cylindrical portion of tho 
footstep, but as the clearance is not given, and we do not know the 
viscosity of the oil, its magnitude cannot be calculated. 

^Wc are consequently unable to compare one experimental result 
quite satisfactorily with another. 

Assuming that the oil did not vary very much during tho trials, 
and that the cylindrical footstep was a moderately loose' fit in the 
brass, we may write from (11) 

(;=li\/ ^ .... (12) 

V NW ^ ' 

N being the number of revolutions of the footstejj, .and fl a constant. 

In Table fX. are given the values of C, ealeulatod froui Tower’s 
experimental results, the mean speeds of the footstep, the loads, 
and tho frictional resistinces. At low speeds, C h.as a high v.alue, 
which increases steadily as the load increase.s, showing that the 
volume of oil entering is not proportional to EK . GE, and is not 
keeping the surf.aces jjroperly apart. At higher speeds, however, C 
actually decreases somewhat, until the heaviest loads arc reached. 
The decrease is probably brought .about by the heating effect of the 
friction deere.asiug ihc vi.seo.sity of the lubricant, o ' by the fact that 
the force me.asured in the experimcnt.s was 2 )artly duo to the viscous 
resistance of the oil film surrounding the cylindrical jrortion of the 
footstep. In .all (!aSo.‘!, the higlmst loads cause a smaU increase in 
the value of C, in spite of the fact that the viscosity of the lubricant 
must have been lowered by the heat generated by friction. Under 
these conditions tlie film would be thin, and the volume of liquid 
introduced by its i]ieitia somcwlnat lcs.s than when r(, is Large. 

Luhricaf.ion of Jnrlhied Plane Surfaces .—As a rule, even when tho 
rubbing surfaces arc [ilanc, the opposing surfaces are free to adjust 
themselves aceorfting to the position of the load they carry and tho 
distribution of i.re.-;sure in the film keeping .them apart) The 
,conditions^ under winch tiic l^ibricant then acts'liiiTcr somewhat 
from f)ic e.aso of parallel jdane surfaces. In the latter lease, it is 
to the ineriia and risrosihj of ihe lubricant that we must attribute 
the prose'.ee of the pressure iflili; but wlioTi the faces are able to 
become inclined, the liquid wedges itself between them and forces 
them apart. The conditions then obtaining hax» been carefully 
considered by OsojlTie Kcynolds, and merit close attention, as.^it is 
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to this actioii that he astribes the gi-cat carrying ])ower of cylindtfcr 
bearings. ^ 

As to tlie frictional rcaiatanco and carrying power of plnni 
Burfaoos, such as engine sliclo blocks, which lieeoine slightly incline' 
to ca*Ii of tile faces tjiey )'nn ii])on, no experimental results have ye 
boon obtained which can l)e couipsircd as regards accuracy wit’ 
lloauchanip Tower’s tests of 
pTVot iK^arings. 

In fig. 29, All is a plane 
surface, of unlimited length 
and Oreadth, moving in the 
direction of the .arrow beneatli 
the inclined surface OJJ, which 
•s of limited length and of 
very limited breadth, in a 
direction perpendicular to the 
paper. Omitting the effects pjo 29 . 

wliich would be produced by 

the inertia of the li<juid, the conditions of How are as follow :— 

At tlie lower edge of U, where the Ihjuid enters between th 

surfae,c,s, tlic volume introduced is projjortional to . 

However, owing to tlie inclination of llic surfaces, tlie volum 

i<’ F 0 K 

]ia,sscd out at tlie edge (! is only proportional to 

VViieii tlie surface Cl> is of coitsiderable area, and the planes are ver 
close l,ogrther, the exees,s of oil or other liihricating fluid introduce 
at the edge If must eseajie ; but this is ojijiosed at all points by th 
viscosity of the liipiid. The oil, therefore, tends to accumulate, an 
a pressure is set nji wliich forces the surfaces ajiart until the load : 
siifhcicnt to jirovcnt further recession. In this respect, the action : 
similar to that we have already described as resulting from the inerti 
of the entering; fluid. 

According to Osborne Ueynoids, the effect reaches a' maximum f( 
bearings of such dimeiisious as are used in practice when KK = 2’ 
K,F,, and owing to tlio grisiter freedom with wliich the luliricai 
can o.scape at the end I.) and the sides near it, the point ( 
maximum pressure p is somewhat nearer C than D. The eur\ 
at the top of the figure indicates, aiiproxiinately, tlie pressure i 
differtiit points of such a film, tending to force the surfaces apar 
Tlie direction in wliich tlie load acts, normal to AB, ni 

necessarily coincirio with p, but with the centre of the area enclost 
by tlie curve and base line oMhe pressure ordinates. , 

1 lie pressure exerted by the film must alway.s be ^qual to tl 
resultant external force whicli, neglecting the obliquity of CD, 
porpeiidieular to AB, and tends to force ^e surfaces together. Wh( 
the surfaces are free to assume any position, the pressure of the fill 
inclination of surfaces, etc., adjust themselves tff suit the load ai 
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its'point of application, and the nearer the surfaces lye caused to 
approach each other, the greater is the friction and consequent 
pressure for the same velocity. 

The relations obtaining between tlie load, pressure, etc., under 
tliese eirouinstanoes, have been dcterniinod by tlslionie KeynoIcK 

In the case of a surface (11) of infinite width in a direction perjiendioular 
to the jiajier he makes • 


and the force required to keep them in relative motion ' 


..... (14) 
h) I 


Therefore, 


. . . (1.)) 


V a ■ ■ 

anrl 

V a 

. . . (Ki) 


Luhricafioii of Cijlindrical ^tiurfwes .—The cylindrical is liy far 
the most oominon form of laiariug surface, and is the one with 
which most of the experiments recorded have been made. Until 
Beauchamp Toworts results were^uhlished, little w.is really known 
concerning the effects produced by varying the method of applying 
the lubricant. lie showed tliat many of the methods in use were 
very imperfect, the oil holes and oil ways often cutting across those 
portions of ttiA. surfaces where the pressure of tlio film should be at its 
greatest, and allowing the lubricant to escape. With properly-shajjed 
brasses resting upon well lubricated journals, he succeeded in 
obtaining results which were proved by Osboriio Ilcynolds to be in 
accord.anco with hydro<ljmamical theory. The method of applying 
the lubricant And the machine with which ho experimented, are 
described in Chapter IX. 

A brass whieh has been running for some time upon a lubricated 
cylindrical journal wears in such a way that the radius is always 
slightly greater than that of the journal. Wiien fomed into contact, 
therefore, the brass and journal do not touch over the v'hole of their 
surfaces. Cii the otlier hand, when the journal is in rapid motion, 

* It must be dearly Iwrue in mind that the load carried may bo modified very 
largely by varying the direction in which it acts, for the il.dinatioii of the 
Hnr!'„tfv..'H.’.rie8 according to the distribution of the pressure,, etc. Uoih in the 
case of iircimed and |iarallol surfaces inertia olfecta, prcvimisly considfted, must 
•show tlicmselves. Tile wedging and the inortyi actioiuH, liowover, as wi!! be soen 
from equatihiui (1.4) and {16). have similar effects upon tl'c relationships biitwecn 
^iie coefficient of friction, the speed, the load, and tho viscosity; hut the 
relationships between tliesc valgos and the arc.unJ 8ha))e of tho bearir^g do not 
appeor to be i/uUe similar. .'itillAt is clear that, as is tlio ease witli contaminated 
and clean surfaces, the coeflicicnt of friction of parallel plane surfaces is only 
slightly affected by iatiations in the area of the surfaces in contact. 
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if the weij^hl^on tlio brfils is not too great, the surfaces are sepanftctl 
from eacii otlicr by a continuous oil film. Fig./ 30 represents, in an 
ojcaggerated manner, a section through such a brass and jounial, 
the latter being supposed to rotate in the direction sliown by the 

ai'Kuv* « 

The c.urved surfaces AB and C!l) have their centres at I and .1, a 
line drawn through which indicates the position of nearest ajiproach 
M^l'Y Between KF and Fj,F, the distance separating the surfaces 
decreaec.s, the triangle E,F](!, is consequently smaller than KFG, and 
therefore the lubricant which is brought u|) by the rotation of the 
journal and forced into the narrow space between the journal and 
the brass becomes compressed in its passage forward and tends to 
force the surfaces apart. On the other hand, as we go from EjFjOj 




towards (j the faces recede, and wore it not for the flow of oil from 
the liortion where the liquid undergoes comprr' iion, the pressure 
might bo, and, indeed, sometimes docs become, negative.^ 

When there hs no load, the conditions arc as illustrated in fig. 31. 
Here the vertical pressures are shown by the curved lines on the 
top of the figure. On the right-hand or ‘on’ side tlic pressure is 
positive, whilst on the left-hand or ‘off’ side it is negative, and the 
vortical components of these, pressures balance each other. On the 
other hand, the horizontal component of the pressures to the left 
and right, indicated by ihe curves at the sides, will both act on the 
brass to the right, and as these will increase as the surfaces approach, 
the distance corjosponding to .11 (fig. 30) must be exactly such that 
tlicse components balance the resultiuit friction. 

The thickness of the film at different isnnts, and t he variations of 
• * 

‘ la the American Marhiniid fur Sept. iO 1903, JI. F. Moore s^tes that in 
coiijiuictioii with G. A. Morgan he coinstrueted a small dynamo, in which tin 
bearings <®tirely surrounded the jharnol. By lljffldy leading a jiipo from a 
reservoir of oil to that part of the hearing where the pressure would be negative, 
if anywhere, it was found that the bearing would suck in oil from a roservou 
six inches below, and thus lubricate itself. * 
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the position of with different loads, •have been,worked out 

matiicinatieally by (^Hbornc Jlej’iiolds, whose exact equations give 
results whicli agrcti very closely with the experimentally ascertained 
facts. J*or tiic full treatment of the subject the original papers 
should be consulted, !is the results only can be giveji licre. « 

lujluQuce of hodtl (iu<l Sficed.—In (he case of plane suifaccs^ 
H'hether ot iuHined., the frirtionn] re^ 7 ^•/r^^/ce proportional 

to the tijjuare root itj the lowL (Cylindrical surface's, however, owiffg 
to their curvature, cannot se[>arjite sufficiently, whilst still susbuning 
a load, to give this result, for when the load is inerease<l 
decreases, the lubricant is prevented from escaping ou all sides as 
freely as before, and EF, Le. the disUincc between tlie brass and 
journal on tiie ‘on' side, iiic-reases. Conse(juentIy, as the loarl is 
inenjased, the jiositive vertical eoinponent to tlu; right (fig. ,*J1^ 
increase.s and overbalances the negativt; coiiqionont to the left, which 
decreases, and the ]x>iiit of nearest approach, moves to the left 

until the load reaches a parthailar value; above this load the point 
of nearest ap]>n)ach moves hack towards (.). During this change in 
the position of EjF^, the thickness of the film at different points alters 
in such a way that tlie viscous resistance whi(:h it offers to the 
motion of the journal remains nearly e<mstant: and the friction of 
jonruitU therefore, ')yraciical.ly indtpendenf oj the loacf when the 
i^wed /.s- mfficient to maintain a p^^aure film hefireen ilte two mrfares. 

According to this rtiasoning, the friction at high speeds and with 
perfett lubrication appears to be, etderis parihv^, approximately 
proportional to the area of the ctmUict surfaces, the .s]>ccd of the 
journal, aiid*'the viscosity of the lubricant, and nearly independent 
of the load. 

^ Before the journal commences to rotate, the lubricant being a 
viscous one, the load will have brought the brass into ctintact with 
the former at 0 (tig. 31); but at the ends it will be separated by an 
appreciable space from tlie journal. At starting, and at very low 
bpcedff, tlie surfaces being in contact, there is fric/'don of solid upon 
solid, the eoefiirient of friction u targe, and the surfaces undergo some 
abrasion ; btit as the velocity of the journal increases, the surfaces 
gradually become separated by an oil film, more particularly if there 
be a plentiful supply of lubricant. Tluckcning of the film, as wo 
have seen, can only take place to a limiU'd extent, owing to the 
curvature of the surtaccs, so that with increoaiyiy r^peed the resistance, 
becomes more nearly proimtional to the speed and le^s affected hy the 
I'-Oa. At the onUet, as with ^lilaue surfaces, whe-n the oi' film has. 
scarcely esiahJished itsedf, the friction, ceteris jjaribus, i^aries with 
changes if load. However, owing loathe curvatui’o of the surfaces, 
the film vA-y quickly rciiehcs a maximum thick icss. 

Table X. gives the r^’sults obtained l‘y Beauchamj; Tower with 
bath lubrication. ^ 
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TabiA X.— Bath of Olive On,. Tewebaturk 90“ K. * 


Journal, 4 in. wide x 0 in. Jong. Cliord of Arc of contact=.‘i-92 in. 


Nominal Load. 

Nominal ('‘ricUonal Xicsistniicu i>er Htjuare Int-h of JJoaring Hiirfaci*. 

Lbs. i)cr 8(j, 

105 ft. 

15711. 1 20) It. 1 

2»2 ft. 

S14 ft. 

see ft 

410 ft. 1 471 ft. 



per Blin.jpcr Mm. per Min 

per Min. 

per Min. 

prr Min. per Mm. 

• 520 


•410 -520 

•024 

•675 

•728 

•779 -883 

468 


•r)14 -007 

•054 

•701 

794 

•841 -935 

41.') 


•498 -680 

•022 

•705 

•787 

•870 -995 

:5G3 


•472 -580 

•616 

•689 

•725 

■798 -907 

310 


•464 -526 1 

•588 

•650 

•680 

■742 -835 

208 

•361 

•438 -515 

•592 

•644 

•669 

•747 -798 

200 

•308 

•430 •.412 

•572 

•613 

•675 

•736 -818 

' J 03 

•3.'’)1 

•458 -535 

•oil 

•672 

•718 

•764 -871 

100 

•300 

•450 -550 1 

•030 

•690 

■770 

•820 -890 

^ TJic nominal load jmr square inch is 

*■110 total load divided by (4 x 6). 


The loads ranged from 100 lbs. to 520 lbs. per S(]u<are inch, 
loininal, and yet for cauli speed the frictional resistance was nearly 
i eon.stant. Above speeds of 100 feet per minute Jou> speed effects 
lo not show themselves, ami the coefficient of friction wUl he seen to he 
learjj) proportional to the mpuare root of the speed instijad of to the 
ictual speed. Osborne Keynolds considers this as due to the fact 
ihat when the spiked is increased the rate of shear which the film 
indergmes is likewise increaficd; the film becomes heated, its 
dscosity is decreased, and less resistance to motion is q^icountered. 

(loodinan has also published some results which he obtained with 
liflcrent .sjjceds and dificrent metlnxls of lubrication, and which are 
liven in the following table;— 

'J’adi.h XI. —Resistance at Different Speeds. 

Load, 300 Ihs. Teinpenature, 40“ C. Brass, '5 in. x 4 in. 


Oil Ratli. [ .Satural«(l Pftii. j IMly Pad. 


feet per Min. 

Coudifdent of 
eviction, 

• 

Feet per Min. 

Coeffleiont «>f 
Friction, jij. 

Feet per Mm. 

Cocflicient of 
Friction, mi* 

2-6 

•1610 

4-70 

•1610 

6"2 

•1540 

7-8 

•0030 

7-80 

•0910 

7-8 

•0560 


•0140 

13-61 

•0700 

11-0 

0021 

15'7 

•0052 

38-20 

•0021 

17-3 

•0021 

57-1 

•WIT 

88-50 

•0024 

27-2 


GT<f 

•0017 

111-50 

•0028 

61'3 

•0042 

• 503 - 7 * 

•0021 

122%0 

•0035 

88-6 

• -0070 

I ' 22 -O 

•0028 

149-70 

•0063 

122-0 • 

•0091 

148-6 

•0030 

] 8 *-ao 

• 009 ^ 

161-0 

•0126 

164 *^ 

•0038 

213-60 

■ 01*6 

183-0 

■0168 

183-2 

•0042 



209-4 

•0217 





242-9 

•0252 
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At the speeds printed in heavy type in tfiis table ttte friction is 
high, owing to tlic l>re>iaurc film not having been properly formed. At 
higlior speeds, however, as found by Oslmrne lieynolds, the frictional 
cooffi(!ioul is approximately proportional to the square root of the sliced. 


Campartjsojv ofSrlcUarv Coefficients of Jcur^cds, from 
the tests of 'Thurston. “Tower. & "A.C.Sf 



U. I^aseha' has miule an elaborate series of ojtperimentB on,the 
friction and lubrication of motor bearings at journal speeds rising to 
nearly 4000 feet per miiuAj», and at prtjssures up to 21.3 pois.ds per 

' Traction and TransiniHsioii, Jbu. 1903, p. S3. Wn are indebted to' the 
proprietors of hngine^ing for the use of the blocks of Egs. 33 and 33, borrowed 
from their paper. 
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square inch. • Measureiifente of the friction wre made under varying 
conditions of load, speed, temperature, fit of heSrin^s, and method of 
applying the luhricant, the results generally (ionfirming those obtained 
by Tower and Thurston. Measumneuts were also made of the work 
crperFlod in overcotniftg frir:tion, and of the dissipation of lioat from 
bearings by oon(^iction, radiation, and by the fiow of oil between the 
friction surfaces. 

j\s rcigards the influence of speed on the eoeflieient of friction, 
Lasehe shows that the results obtained by Tower, Thureton, and in 
the Hijiovc experiments, which were carried out for tlie Allgemeine 
Elektrieitats-tiescllschaft of Berlin, are in agreement with Striheck, 
who found that above very low speeds and up to speeds of 2 5 metres 
per second (492 feet per minute) the frictional coefficient increases as 
fhe s(piare root of the speed, as shown by Tower. From ,'2'J metn'g 
to JfO melre .1 per .tecoml (7SS fenl per ndnufe), liotoevpr, the rate of 
innvare waf fmmd io approarh ilw fifth root of the speed, as found 
by Thurston, and at stilt hiyher speeds the infiucure of veloriti/ was 
observed to (jradualhj disappear, and above speeds of about 10 metres 
per second {1070 feet per minute), the friction, eoeflieient became 
pract.iral.ly indepaulmt of the reloeihj. The diagram (fig. 32) by 
Lasehe graphically compares the results obtained by Tower, Thurston, 
and himself in so far as they cover the sjune exjs-'rimental ground. 

Osborne Keynolds coueluded from his theoretical investigation of 
the friction of lubricated journals that if the viscosity of the lubricant 
remained constant the friction would increase proportionally to the 
speed. Owing, however, to the tact that the heat resuiyng from the 
viscous friction of the lubricant raises the temperature of the whole 
of the bearing above that of the atmosphere, and also locally raises 
the temperature of the oil film very considerably, the viscosity of 
the lubricant decreases with increasing speed, an.', consequently the 
friction iuereases at a loss wmsor nncTionscDuccurov iuPBistc, 

rapid rate than the speed. osTtHMinro by rsfcrtoN asuiuce. 


The extent to which the 
viscosity of any particular 
lubricant decreases with 
increase of temperature 
depends, of ooureo, upon 
the nature of the oil, the 
rate at which it is supplied 
to the* bearing* arid the 
rate at which th^ bearing 
loses h«t by radiation 


Izl o urresMWBD by CALDRiuersB. • 



an(i*oonduetiou. Hence • Tvmperumre cTJ tear^nginaDtg. 


diffeftnt observers, ox- 


Fio. 33, 


perimenJjng with different •- • 

oils and different machines, have obtaineS results which have not 


agreed absolutely. But the results given above no doubt express 
the facts approximately , 
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Di.agrcitn fig. .S.3, duo-to Lasche, shows tho work reqiKred to over¬ 
come friction in Alaffon to the liearing temperatnre. It is seen that 
the fri(!tion diminished with rise of temperature of the bearing and 
oil up to altout 1 U» ;u‘d that beyond tliis tlio friction increased 
again rapidly. Ihc oil, in fact, l>ecame so t^iin that it ceal^cd to 
lubricate. , 

o/^ the Oil F/hii .—By means of a pressure gauge and^of 
holes drilled in tho brasses. Tower was able to measure the pressure 
of the oil film at various points of the surface. 

Fig. 34 shows the c.\act curve of preasure calculated by (tehorno 
Reynolds under conditions corresjxaiding very closely with those in 



one of Tower’s experiments, in which, by means of a pressure gauge, 
lie actually measured the pressure of the oil at several points in the 
film. The observed pressures as plotted by Tower arc shown in figs. 
35 and 3fi. In this experimctit, when the load was 100 lbs. per square 
inch, and the temperature wms 70" F., tho thickness of the film at 
various points must, according to Osborne Reynolds, have been as 
fgllriws:— »■ ‘ 

’• Radius of brass - radius of journal = -0007 T iu. 

FiF, (point of nearest approach) = '000375 „ 
single OJF . . . = 4M“. 

The possible motioiury the liuid..i.i a direction at rigjit angles 
to that of the motion and parallel with the r^xis of the journal 
has not yet been referred to. In practiec, the length of brasses is 
necessarily limits, and tlpi oil can escape laterally. Such an escape 
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will obviously prevent the pressure of tbe‘'oil film fftim reaching 
its full height, except at considerable distances from the ends of the 
brass, -ud will (suisc it to fall to zero at the extreme tends. 

The lubricant does not, therefore, all flow in a direction parallel 
with the dirootion of motion, exccjit at the centre, but follows 
paths curved from the centre of the brass, sonu! reaching the sides 
and escsipiug. 

Tower measured the prcs.sure at several points along the brass in a 
line through 0 (fig. 31), and found it to follow the curves of pressure 
.shown ill fig. 3.5, which correspond to those which might be expected 
to result from an c.seaj)e of oil at the free ends. 

In fluence of VittrosUij. —.1 list as, owing to the faet that the lubricating 
film can only thicken to an extent deiiendiiig ujion the difFurenco 
between tlio radius of the brass and that of the jeurnal, the frictional 
re.sistance is practically independent of the load, so the friction of a 
(■.yliwlrical JouninJ should he proporlional to the riseosiiij nf the 
luhrieont. 

The effects of viscosity have been experimentally determined by 
Beauchamp To.rer for various speeds aliove that at whieli the pressure 
film is fully formed.. The lubricant used was hard oil, the viscosity 
of which was varied by luialimf the journal and brass. The viscosity 
of the lard oil used was not specified, but Goofimau gives its probable 
comparative values at the temperatures stated. 

Table ^Xll. is taken from Tower’s paper, with the addition 
of a column giving the comparative viscosities. The experimental 
results will he seen to be entirely in agreement with theory, the 
friction at each speed and temperature being as nearly proportional 
to the viscosity as can be expected when the experimental difficulties 
to be overcome are iKimc in mind. With increasing speed, however, 
the temperature of the oil film is raised more and more above that of 
the metalljc Hurface.s, and the friction ceases to be proportion J to the 
speed. 

In the experiments on the pivot bearing it was pointed out that 
tlie slight disagreement between expernneut and theory might be 
accounted for by the heating of the film. With parallel surfaces the 
friction varies only as the square root of the viscosity. No very 
marked effect was therefore to be anticipated from this heating, 
especially as the speeds were com{)arativoly low. , Hut in the case of 
'wjourual where the friction is proportional to the viscosity, the effect 
might be very marked. Indeed, there are gronnus for b: lieviug that, 
as Osborne Reynolds contends, tke reason why the resistance does 
not, in the case of a journal, increase at a rate proportioukl to the 
speed is that the raj)id distortion which the oil suffers, heats it and 
lowers its viscosity. ' " ■■■ 

Change of viscosity also has a considerable effect upon the carrying 
power. Tabl^ Xljl., l)v Goodman, shows the effect which a ehange 
in the viscosity, brouglit about by rise of temperature,, has upon the 
frictional resi^anod and carrying power of a journal, the speed being 
7'8 feet per minute. 
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4 TAii.E XIII.—OiL-BATn Lubrication. 


Speed, 7-8 feet jicr Bihnite. 


^ 'I'enijiorature 40" 

• 


30“, 

20% 

Load 


K. 


F. 


K. 

{y Llis. 


LIj6. 

«• 

M)8. 


Lbs, 

50 

•UOCl 

•30 

•0080 

•40 

•0084 

•42 

. lOU 

•0038 

•38 

•(X)41 

•41 

•0042 

•42 

1.50 

•0027 

'40 

•0028 

•42 

•0028 

•42 


•0020 

•40 

*0021 

•42 

•0021 

•42 

'250 

•0016 

•40 

*0021 

-.52 

•0019 

•47 

,300 

•0017 

•51 

•0017 

•51 

•0010 

•48 

:{r)0 

•0t.)21 

1-22 

•0015 

•52 

•0014 

■49 

40L) 

•0020 

1-16 

•0010 

•04 

•0013 

■52 

450 

•0042 

1-89 

*0010 

•85 

•0013 

*58 

500 

■0180 

0’45 

•0044 

ii‘%) 

•0020 

1'45 

550 

•0515 

28*33 

•0120 

0 03 

■0704 

42-03 

a5G() 

•0502 

31*48 

•0142 

7-95 

•0937 

.52-47 

,580 

•0724 

42*00 

•0253 

14 68 

•10B(> 

G3-00 


The .letuiil viscosities at the temperatures of the experiments were 
not (Ictermiiied. They must, however, li.avc been greatest at the 
lower tciiiperaturcB, aud ricp versa. Although the speed is low, there 
is, <Bi the whole, a reduction of the friction as the tcrajieratiire 
increases, when the h),id,s are small, but not so marked a change as 
might ho expected. It will also bo noticed that ihe greater the 
viscoiihj, the greater the load which the hearing will carry tcithout 
undue friction resulting front the failure of the pre,'snre film to form 
properly. In this table the loads between whiel. the coeffieient of 
friction has a minimum value have lieen printed in heavy type. 

The reduction in the frictional resistance which results from the 
lowering of the viscosity by the heating of the lubricating film is by 
no means advantageous, and accounts in a great measure for the 
failure of bearings to carry heavy loads at higli speeds. The heating 
is most severe when the film i;. thinnest, i.e. at the point 15,Fj, fig. 30. 
Roducod viscosity at this point greatly lowers the carrying power of 
the brass. Again, ij’ from any cause the biairing should become warm, 
minci'al jils become very fluid and cease to lubricate properly. 

Influence of the Ana of Hearing Surface. —With parallel plane 
surfaces it was foun'l 'hat the friction does not increase muth 
the area is increased, for an increase of area brings about ap increase . 
in the thickness of the fihfl. Rut here again a oylindfioal form of» 
beftring gives a different result, the frictional resistance being more 
neaily proportional to the aroa, owL;g to the fact that when the 
speed is moderately high the film has a fairly constant effective 
thickness under all loads. * 







Table XIV —Rath Lcbricatiox (Goodman). 
Length of Brass, 4 Inches. Speed. 121-9 Feet per Hin. 
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Tabic XIV., RiYing the results of some experiiiieiite by Goodman, 
bring.s this out very clearly. The frictional resistanee at different 
loads does not vary very much. On the other hand, the lung narrow 
brass^offors a very much smaller resistance to the motion of the 
journal than does the brivss having a chord of contact measuring 
2 inches. The area of the surfiiccs is in all cases proportional to the 
Iqigth of the arc of contact which is given for each size of brass. If 
the film wore of even thiekness throughout the length of the arc, the 
friction wovdd be Bimj)ly proportional to its length. The film, how¬ 
ever, is mncli thicker on tlie ‘on’ side, where the lubrieant enters, 
than it is nearer the centre of the brass. The resistance offered to 
the motion of the journal by tho.so imrtions of the brass respectively 
near tbe ‘ on ’ and ‘ off ’ sides ai’c, therefore, less than the friction near 
the middle of tlie bearing, and, as the brirss is cut away at the sides, tho 
thickness of tho film is also very slightly reduced. The reduction of 
the resistance is, therefore, not (juitc projau-tional to the reduction 
of the area, .as will be seen by coinjairing the lengths of tho arcs 
with tlie mean frictional resistances. A closer ajiproximation of 
the obtained results with thcoiy cannot lai expected, as everything 
depends u[)on the curvature of the surfaces remaining unaltered 
during tho experiments. 

hi/fuBTire of ihe Method of Lnhrieatiim .— As stated on p. 56 tho 
method of lulirication has a much gi*catcr influence on the friction at 
high than at low speeds. The results given in Table XV. by Goodman 
illustrate this. 

Taui.h XV.—iNifLUSNCE OF Method of Luiuiicatios and Contact 
AuEA upon FniWIOKAI, llEfiLSTANCE. 

Length of lieariiig, 4 Inches ; Sjieisl, 122 Feet ])cr Min. 


Width in Inches of Chord of Jlearing Surface. 


Jlethoil of Lulirif.atioii. 

1 

j 2-0 

1-75 

lA 

! 1-0 

o-.-, 

• 



Krictioiial UeitistaiK'e In hlw. 


Oil-hath, 

' 2-8!) 

2-42 1 

2-14 

■ J-18 

0-82 

Saturated jiad, 

! 4'47 

31»8 ■ 

2-49 

j 2-10 

I'OO 

! O 

i 7-97 

6-62 1 

.■i-HO 

j 3-80 

«-70 

• 


Hath or ‘perfect’ lubrication is obtained by allowing the under side 
of tho journal ti. dip intoji bath of the luhricant. In this way the 
journal picks up and tlirows against 'Sie brass a thick film of oil, and, 
the result is ‘perfect lubrication,’ i.r. tho thickest Idm is seenr^ 
which the bearing can automatically iiiaiutain. 
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Pad lubrication is obtained by pressing a wnMlen. or felt pai 
soaked with the lubricant .against the journal. When tlie pad rest 
in a bath of the lubricant and is ko])t thoroughly soaked, the result 
obtained are not greatly inferior to those given by the bath. When 
however, the supply of oil to the pad is deficient, the difl'erdhco i 
marked, as will lie seen from the I’osults given in the table. 

Aliornatimj Pre^nures ^.—In some eases the loads upon be.arings an 
liy no moans eomstant, for the faces often alternately approach anc 
reeodc from each other. When this is the case, .and the alterna 
tion is very rapid, the bearing will carry a very great weight, for a 
each alternation the jircssure is completely relieved, and the di 
‘ trapped ’ cannot be ex[ielled during the short time the load rests oi 
the bearing. 'The large ends of connecting rods may bn instanced a; 
cases in jioint. Here, although the pin is rapidly rotating in thi 
brasses, the load freiiucntly reaches several tons jier sipiare inch. Oi 
the Bin.all end brasses the load may be even greater, for the angida 
movement of the brass on the pin is only small. 'The reason why thi 
lubricant cannot escape whilst the pressure lasts is doubtless that thi 
volume of oil -.vliich can be ‘ sijuoezcd ’ out by any particidar load ii 
proportional to the cube of the thickness of the film. 

Wear of Cylindrical Bearing Brasfees.—To obtain a low coefficien 
of friction wdien the bearing surfaces are cylindrical in form, thi 
radius of the journal must be rather smjiHer than that of the brass 
so as to leave space for .a film of the luhruauit to insinuate itsel 
between the surfaces. Wlieii the bearings have been newly anc 
accurately litted. together, the friction is generally high, but aftc: 
they have been at work for some time, the resistance is found ti 
have largely decreased. This results mainly from the .altered shapi 
of the brasses consequent on wear. The exact nature of the weai 
which takes place in ruhliing surfaces is, therefore, of the utmos' 
importance, for upon it deiiends very largely the irietional resistanci 
of the bearing. Unfortunately, this a.spect of the question has onh 
received a very small amount of attention. Indeed, until niori 
e^ idcncc is forthcKining concerning the results of wear, we have nc 
guarantee that the friction is really indepenefent of the load; foi 
there is every reason to believe that upon the load largely dependi 
the shape tlio surfaces assume from wear. Thus, although whei 
the .surfaces have arrived at a certain shape, rapid changes of load d< 
not alter the frictional resistance, it is not unlikely that for caol 
load, if it act for any length of time, there is a different curve o 
brass,,and therefore a different frictional resistance. 

' .As at high-speeds the oil film is practically continuous .and keep! 
the surfaces quite apart, such wear as then occurs mu.st result •froit 
Ihe intrusion of solid partiides rather larger iii diameter than tin 
thickness of the lubricating film. Hut, doubtlos,s, ihc chief wcai 
takes place at low speeds wliO)> the surfaces are iii contact. A(fi.ua 
abrasion then ocfurs. 

When moving very,slowly, the brass actually touches the journa 
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at E,F (fig. 30),'or even on the ‘on’ Bide of 0 (fig. 31), but at 
ordinary .speeds the licjuid is wndged between the iurfaees and keeps 
them apart on this side. Thus the 'wear is almost wholly on the 
‘olf’gide, whore, except at considerable speeds, the surfaeos touch, 
and the bras.se.s ^hon not very narrow are worn to a larger radius 
than that of. the journal. When the journal is not in motion, the 
point of contact will bo at 0 ; conseipiontly, as the speed ehanges, the 
position of abrasion will also change. The action is the same whether 
the brass be lubricated by a siphon supplying oil to the crown of the 
bearing, or by a pad beneath the jotirnal. However, when the chord 
of the arc covered by the brass is small, the wear tends to become 
more evenly distributed over the whole bearing surface. Even then 
the wear tends to make the radius of the bnuss larger than that of 
the journal, and thus renders ctficient lubrication po,ssible. 

In the cas(i of railway journals and brasses, the wear is sometimes 
on one side of the brass and sometimes on the other, according as 
the direction of motion of the vehicle changes; but when the shaft 
or journal always rotates in the same direction, the wear is always 
on the same side. This one-sided wear often disturbs the adjustment 
of mechanical oil-te.sting machines, and effects arising from this 
cause should always be looked for. 

Air as a Lubricant.—The action of a lubricant in a journal 
hearing has been ingeniously illustrated in a machine designed by 
I’rof. A. Kingsbury.* The'following description is taken from the 
Chemical Trade Journal, vol. xxvi. p. 232 :— 

'I'lie machine consists of a steel piston or short shtft to be rotated, 
and a cast-iron ring or (cylinder which acts as a bearing for the shaft, 
the whole being supported on rollers mounted on a suitable frame. 
The shaft weighs DOJ lbs., is inches long and G inches in diameter, 
and its weight constitutes the total downward pressure on the' 
bearing. The diameter of the cylinder is slightly less than bich 
larger than the shaft—a fairly loo.se fit. lloth cylinder and shaft are 
ground exactly parallel. 

The cylinder is set boi'izontally, the shaft inberled (both beitig 
perfectly clean and dry), and rotated with the hand by the handle 
at the end. It can be turned with difiienlty at fii-st, and the harsh, 
grating sound of metal rubiriirg on metal will be heard. With an 
increase of speed, however', this gratirrg ceases and the force required 
to turn the shaft is materially decreased urrtil, after a few revolutions, 
the shatt 1 ecoures entirely free fi'om the cylinder and rotates on the 
flint of air between. Set rotating at, say, 500 revolutions per ininuto, 
it rl'ill continuo to rotate four or five rninutes. If allowed to run, the 
speed gradually decrease* from tho start until, suddo^}ly’ the pisto^^ 
breaks through tho intorveniirg layer of air, and a few more revolu¬ 
tions sufiSce to bring it to a sudden §top. If a more conebtsive proof 
is required that the shaft is entirely iRjparated from the cylinder, an 
electric bell may be included in a circuit of which athe shaft is made 
' Jour, Amer. Sue, Ifajjjil Eugiiuers, 18P7. 
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one terminal anrl the cylinder the other, when it will hlj found that 
the hell is silent so long as thfc shaft rotates at any considerable speed. 
It is interesting to note that with this machine Kingsbury found the 
minimum coetlicieiit of friction of the journal lubricated by air to 
bo O'OOOTO, which is nearly the sivrae minimum <oocfficient as ho 
observed witli oil as a lubricant when the lubricating film was perfect 
(see p. 3C4). , 

Ball and Boiler Bearings. —Of late years ball and roller bearings 
have come into very extensive use, having been found very .suitable 
for slow stopping trains, motor-ciirs, cycles, dynamos, and other 
raaehiuos tlie liearings of which have to carry moderate loads. 

One of the early forms of ball-bearing known as the ‘ Rudge’ was 
exi)erimented upon by floodman. The results of his experiments are 
given in Tables N V1. and XVII. The results with the white ‘ neutral ’ 


TaUT.K XVI. —HuUCIE B.4LL ){EAUI.NIJ. WHITE ‘ NEUTRAL ’ OlL. 



Sliced, 19 Revolutions 

.Speed, 157 Revolntions ■ 

Speed, 350 Revolutions 


per Minute. 

per Minute. j 

per Minute. 

LuAli 


' 











in LbB. 

! Trictloiml 

(.1 Frirtioa. 

CooRiciunt 
of FrirUun. 

Frictionui ] 
Ue'istance, 

, l.bB. 

Coellicient 
of Friction. 

Frictional 

[leBistancu, 

Lbs. 





r 



10 

■oooo 

■06 

•0105 

■10 

■0105 

■10 

20 

•OOff") 

•09 

-0067 

•13 

■0120 

■24 

30 

■0050 

•15 

■0050 

■15 

•0110 

■33 

40 

•0052 

■21 

■0052 

■21 

■0097 

■39 

50 

■0054 

•27 

•0054 

.27 

■0090 

•45 

60 

•0050 

■30 

•0055 

■33 

■0075 

■45 

70 

■0049 

■34 

•0054 

•38 

■0068 

■47 

80 

•0048 

■38 

•0062 

•49 

■0060 

•48 

90 

■0050 

■45 

■0068 

■61 

■0060 

■54 

100 

■oo:)H 

■•58 

■0069 

69 

■0057 

■57 

110 

•0054 

■59 

■0065 

•71 

■006(, 

■06 

" 120 

■0055 ■ 

■66 

■0075 

■90 

*0057 

■08 

130 

•0058 

■75 

•0078 

l-Ol ' 

•0062 

■81 

140 

•005G 

•78 

■0077 

1-08 

■0060 

■84 

150 

■0060 

■90 

•0083 

1-24 

■0062 

■93 

ICO 

■0075 

h20 

■(1081 

1-29 

■0058 

■93 

170 

■0079 

l-3i 

•0078 

133 

•0055 

■93 

180 

■0079 

1-42 

•0078 

1-40 

■0( i53 

. -95 

190 

■0087 

1-60 

■0076 

1-44 

■()064' 

1-03 

, 260 

■0090 

IW 

■0081 

1-G2 

■0060 

1'2^' 

*■ 


e. 






Mean 

■0060 


■0070 

_^ 

■(»71 



'“oil are rather irregular, Vnit their average clearly shows that, as with 
the pale American oil,.the coefficient of friction varies very little with 
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iiiodcriite loads; ilio frictional resistance, therefore, varies almost 
dircutly .as the load. 

To asecrt.ain the effects of viscosity, the hearing was heated by a 
Bunsen gaH-hnrner from 20“ to 60° (!., hut no difforonco could be 
detected in the friction. Tlic experiment was repeated with different 
lubricants, loads, and velocities, with the same negative results. In 
the case of iiall bearings, a lubricant only alters tlie area in contact 
ovjr wliich sli]) takes phioe, and althougli it does not decrease the 
friction it prevents undue wear, and prolongs the life of the bearing. 

Table XVII. -IlunoB Ball Bkarino. Pai.ic American Oil. 



Speed, Ifl Revolutions 
per Miniito. 

Speed, 167 Revolutions 
lier Minute. 






LI)b. 

Coetlkicnt 

ol 

Friction, 

Frictional 

Resistance, 

Llis. 

CoeHlciont 

of 

Friction. 

Frictional 

Resistance. 

Lbs. 

10 

■007,5 

■07 

•0060 

■06 


■007.5 

•1,5 

■007.5 

•15 

40 

■OO'l 

•28 

•007.5 

•30 

G8 

•0070 

•42 

■0075 

■45 

80 

•0071 

-.57 

•0071 

■57 

100 

‘OO/.I 

•73 

•0072 

■72 

120 

■0071 

•8.5 

■0069 

•83 

140 

■0072 

l-Ol 

•0067 

•94 

100 

■0072 

M.5 

•0066 

]'06 

180 

■0072 

1-30 

■0066 

T19 

2(X) 

•007.3 

1-46 

•0066 

1-.32 

Mean 

•0072 


•0068 



From those experiments the following laws, therefore, are 
dueible;— 

1. Tlie coeflicient of friction is nearly constant for all ordinary 

loads; hence, unlike lubricated cylindrical bearings, the fric¬ 
tional rosistanoo v aries directly u« the load. 

2. The friction is unaffected by change of tempei-aturo, and there- 

^re by moderate changes in the viscosity of the lubricant. 

'The coefficient of fiiction of ball bearings at liigh speeds is rather 
higgler than that of ordinary bearings when bath or saturateTi' pad 
lubrication is used, but is less than the friction of ordinary brasses 
whoa the latter are lubricSted by less perfect inetliods. • The friction* 
of ball and roller bearings is also small at very low speeds and with 
8m.Sl loads, much smallef'indeed thaitjjould be obtained with ordinary 
bearings at such speeds, even by bath lubrication. 

Owing to their small frictional resistance roller bearings have lately 





33 


LUURICATION AND LUBRICANTS. 


been tried and have given very favourable results oii electric railways, 
trams, and inotor-cai-s. 

Bailey Marahall' states that on railway vehicles the starting 
effort is, in many oases, as low iis 3 lbs. per ton, a figure which com¬ 
pares favourably with the frictional rosiatanocs of ‘ordinary bearings 
at high .speeds when svell lubricated ; but it seems doubtful whether 
roller bearings will, when used for such high speeds, give bettor 
results than brasses of the ordinary design. 

In the ease of ball bearings the design should bo such that the 
lubricant used can oscai)o rciwlily on caeli side of the balls as they roll 
in their races ; with rollers, however, the lubricant must bo ])Ushod 
along in front of them. On this account, the viscosity of the lubricant 
used must have an appreciable effect upon the friction in the latter case. 

In a jiaper read before the Tnimways au<l Light Railways Associa¬ 
tion in October 1905, by Thom.as W. Mow, the author deals with the 
reijuirements of a satisfactory roller bearing for heavy .and light 
loads, the efficiency of which lai'gcly depends upon true parallelism, 
proper spacing, and proportionate diameter, length, and hardness of 
the rollers. Mo givra examples of various contrivances for spacing 
the rollers, regarding the ‘ Kmpire ’ floating cage as the most 
satisfactory, owing to its simplicity and easy adjustment; and he 
advocates the employment of solid nfllers of special steel rather than 
of spinal or hollow one.s, or rollers thr#tdixl on sjiindles. The want 
of success of earlier experiments m.ade with roller bearings is attri¬ 
buted to causes now well understood and avoided, sueh as exces-sive 
rigidity and iinpnjper load adjustment, these being now' obviated by 
means of swivel seatings, so that the alignment of the load is cveidy 
distriimted, .and several examples are given of the successful applica¬ 
tion of roller bearings to r.ailway and tramway stock. 

The relative friction of ball, roller, and plain bearings was in¬ 
vestigated some years iigo in (lerraany by Stribcck, a summary of 
whose chief result'^ is given in the paper by H. Mess referred to in 
Chapter X., p. 420, where further information on the subject of 
bijll .and roller bc.aring.s will be found. 

' JioUer Bearitiifx London, 1897. 
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LUBJUCANTS. 

THEIli SOURCES, rKKPARATION, AND CJIIEF I'KOrERTIES. 

Liihiih;a.\t,s are, with few exceptions, Huid or senii-Huid substances, 
capable of funning and maintaining between friction surfaces films of 
sutlicient thickness to keep tin; surfaces apart, tlius abolishing the 
solid friction and substituting for it the much less considerable 
friction of the fluid itself. The sulwtanccs which possess in the 
highest degree the necessary projrcrties belong to the class of bodies 
known as fixed oils and fats, luitil the latter half of the present 
century lubricating oils were almost exclusively derived from the 
animal and vegetable kingdoms, though cart-groasojiad been prepared 
from petroleum in (ialieia from a very early jieriod {Jinlwuod), while 
early in the present century the advantages of petroleum as a lubri¬ 
cant free from ‘gumming’ properties were sufficiently well known to 
load to its more general nse in places where it could he obtained. 
'J’he rise and development of tlie modern petroleun. and shale oil 
industries, stimulated by the increased demand for lubricants due to 
the introduction of railways and the e.xtended use of machinery, has 
led to the production of immense quantities of lubricating oils, which, 
besides largely augmenting the general supjdy, have, owing to their 
cheapness and other advantages, displaced to a great extent the older 
Inbrieants. We shall, therefore, commence with a description of this 
class of oils, whic.h, being derived from mineral sources, have received 
the name of 


A.—MINERAL OILS. 

^ I. SourceB. 

(a) Petrolerrai.—Cmde petroleum is a highly complex liquid 
pTodnet which is fonna very aburidSutly in various parts of the world 
either issuing naturally from the ground or i-eacljed by boring. Its 
occurrence is not limited to any particular country, continent, or 
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geological formation, but by far the greater vobims is obtained in 
the Unibod States of Ameriiyi'and in the neighbourhood of Baku in 
the Caucasus (Hiissiaj. 

The following tabular statement prepared by Redwood and Kast- 
lako gives the world’s production of crude petrole«nn in inipbrial 
gallons for the year 1004 ;— , 


WoELD’R I’llomiCTION OF PuTttOI.nilM FOH I9(l4, IN ImPFRIAL GaLUONST 


Country. 

Quantity. 

rerciiiita^o 
of Tulul. 

UNITER STATES- 



Appalauliiini field,' . 1,098,,902,0:50 

California, . 1,0:57,4:50,(520 

Liina-lndiaim field, 80:5,870,48] 

Texan, , 778,2:51,491 

Kansas, . 148,7:5,9,600 

Ijouieiana, 102,920,841 

Indian and OkLihonia 

Territories , , 47,822,787 

Colorado, . 7,,'>56,789 

1 Wyoming, , 403,8,58 

1 Misaouri,- , . 89,996 



4,096,072,511 

4,0,96,072,5] 1 

5:5-,5491 

RUSSIA— 



Baku field, 2,554,034,6,53 

Grozni field, . 162,:580,753 



2,716,415,406 

2,710,415,406 

35',512,5 

EASTERN ARCHIPELAGO— 



Sumatra," 180,,322,815 

•Java," :50,,38I,900 

Borneo," . 6:l,,507,‘213 



280,212,018 

280,212,018 

3-6632 

GALICIA, , 

ii!r>,796,2:Jl 

2-8211 

ROUMANJA, . 

129,829,004 

i 

j 

• . 

■ • • Cany forward, 

• 

7,43^,32,5,170 

« ’ 

97-2431 


* The Ai)pakohittu field oojnpriHPi [Jew Voi'k, I’eftisylfiinia, West Virgiiii*, 
3eath^asterji Oliio, Kentucky, und 'J'offuoasoo. 

, ® includes the prodwition of Micliigun. 

’ Estimated, 
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A • 

Would’s Production of Petroi.kitm for 1904, iv Imi’f.riad Gai.lons— 
continued.' 


* 

Country. 


Peicentage 
of Totiil. 

• 

INDIA- 

Brouglil. forward,. 

7,438,325,170 

97’243l 

niiniia, . 
ABSrani, . 
Pinijal), . 

11,'■>,903,804 
2,58.9,920 
1,0.58 




118,491,382 

118,491,382 

1-5490 

JAPAN, 


49,006,579 

•6485 

GERMAN y- 




Ilauovur, 

KIrjiss, 

10,550,691 

5,392,988 




21,949,079 

21,919,079 

•2809 

CANADA, 


17,2.37,220 

•2253 

PERU, 


1,732,848 

•0226 

JTALy, 


970,371 

•0127 

HUNGARY,' 


8.57,351 

-0112 


ToUJ 

7,049,170,000 

99-9993 


* EsHiiiatc'd, 


The most iraport.'int commercial product obtained from the crude 
petroleum of the older oilliclds of the United States is illuminating 
oil or kerosene, onlj^ a <'omparativcly Hmall percentage of the raw 
material being represented by lubricating oil, but the crude oils of 
California and Texa." are of lower volatility and are largely used as 
liquid fuel, h'or the year 1904 the total exports of illuminating ^ 
from the United .States amouuWd to 761,.‘558, lo.o American galjff'" 
ai'd q 4 lubricating oil and paraiBu to 89,088,1'.HI American P'* 

The exports of illuininaf ing oil from the United States to tin) >(rfed 
Kipgdoni fftr the fiscal year 1904 amounted to 165,248,727 Atiierioan 
gal'ons, and of lubricating oils to 33,890,901 American gallons. - * 
Russian petroleum yP^lds a comparatively small, percentage q) 
illuminating oil, the residuum or ostatki, .so largely used as fuel, 
representing about two-thirds of th# crude oil. A small portion of 
this ostatki is distilled, and lubricating oils are thus obtained, but 
the Russian petroleum business is primarily a liquW fuel industry. 
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Crude Ameriran petroleum varies very mueh» in character in 
different districts, ranging in tolour from pale amber to dark greenish- 
or brownish-black, and in specific gravity from about 0-7H to 0’94 
(Hii/er). Some oils are highly limpid, and are composed for the 
most part of the lighter hydrocarbons suitable for bBrning in lamps ; 
others contain a large proportion of lubricating hydrocarbons. 
A few crude oils can be used for lubricating almost without treat¬ 
ment (sec ‘Matural Oils’). Most of the crude ])utroleum obUuned 
in the United States is distilled for illuminating oil and naphtha, 
only the still residues (‘residuum’) being worked up into lubricating 
oils and paratlin wax ; but there are some heavy oils which, being chiefly 
valuable for the manufacture of lubricating oil, are treated sepai'atcly. 
Researches too numerous to mention have shown that American 
petroleum is composed mainly of hydrocarbons of the paraffin series, 
C,|ll 2 ,i+u> with smaller quantities of naphthenes, and of benzene and 
its derivatives. Traces of sulphur are met with in most petroleum, 
also oxygenated bodie.s of acid and phenolic character, and variable 
traces of miner,al matter. 

Canadian petroleum rescinble.s the oil of Lima (Ohio) in having 
an offensive odour and containing a^ notable proportion of .sniphnr. 
Tlic production is comparatively small, and the oil is refined for 
home consumj)tion. 

tJrude Caucasian petroleum is, in matf^ rc,spects, speci.ally interest¬ 
ing : in tlic antiquity of liistorical references to it; in tlie compara¬ 
tively small .area within which the supply is obtained; in the extra¬ 
ordinary productiveiicsK of the wells, aud in the peculiar character 
of the hydrocarbons of which the oil is mainly composed. According 
to the researches of Markownikoff and Ogloblin, and others, at least 
80 per cent, of crude Baku petroleum consists of liydrocarbons of the 
naphthene seri<!s, (-.'ulijiD isomeric with the olefines, but differing from 
them ill not combining directly with bromine. Naphthenes are 
closed-cliaiii hydrocarbons, also known as polyniethylenes, one of the 
most important being hexametliylciie or hexliydrobciizme, 
wIkcIi has been obtained in large cpiantity from Russi.an and in 
small ipiantity from American petroleum.' Rnssiaii petroleum 
also coiitaiii.s paraffins and a considerable quantity of aromatic 
hydrocarbons. 

Caucasian petroleum is more uniform in composition than the 
American product. It usuiilly ranges in specific gravity from 0'850 
to 0'875 ; yields a larger proportion of lubricating oil, less,illitoiinat- 
ing oil.and less naphtha than American jxitroleum, but no paraffin 
wax. Owing to the almost entire absence of solid hydrocarbons, 
Russian lubf ioating oils will bear exposure to g much lower temperature 
ftian American oils witliout solidifying. 

(roftefan.petroleum is stated by Redwood^to liave been collected 
in a .primitive fasliion and used aS a cart-grease from very early times. 
The GaUcian oilfi^-lds are very extensive, and produce oils of very 
^ Yuung, Jouf. CAcm. 1898, Transactions, p. 905. 
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varied character, both light and heavy. Crude Galician petraleum 
is composed chiefly of hydrocarbons of tlic paraffin series. According 
to ]Jr. Young, it contains more naphthenes aild aromatie hydro¬ 
carbons than American, hut probably less than Russian petroleum. 
It yidds SD to 65 per cent, of lamp oil, and from .‘iO to 40 per cent, 
of rosiduuuj from which lubricating oils are obtained.* 

From thS tabular statement alrctuly referred to it will ho seen 
tfiat the Kasteni Archipehigo now occupies an important position 
among the S(.mrcos of the world’s Kupi)lics of petroleum. Much of 
the crude oil of Sumatra contiiins an unusually largo proportion 
df the more! volatile hydrocarbons, wliicli are separated by fractional 
di.stiIIatiou as petroleum spirit, whilst that of Java is characterized 
by the presence of solid hydrocarbons (paraffin) in large (juantity. 
The crude petroleum of Borneo ha,s in the past been looked upon as 
a heavy oil, chiefly suited for use as fuel, but recently a large 
production has been obtained at Kotei of oils yielding the usual 
commercial pr<Klucts, and the oil from some of the wells contains 
mmdi solid paraftin. 

The petroleum of U/iprr Burma has long had a high reputation as 
a source of lubricating oil, ‘ Ibangoou oil ’ having been originally 
made from it. The petroleum industry of Burma has for strme time 
past exhibited rapid growth, and the markets of India arc largely 
supplied with the products. The crude nil yields only a moderate 
rpiantity of illuminating oil, the lubricating oils and sedid paraffin 
being imiKU'tant products. 

The production of lioumania .also exhibits rapi(^ progression, and 
will no doubt assume still greater importance, in view of the character 
of the oil-be.iring territory and its geographical jiosition. 

(h) Shale.—Although by far the greater proportion of the lubricat¬ 
ing oil of commerce is now obt-iincd from petroleum, it is of interest 
to remember that sh.ale oils were the first to be pro<li ted on a large 
scale even in America. Prior to the l)Oring of Drake’s well in 1859, 
which was the commencement of the United States petroleum 
industry, a number of works were ostablishefl in that country ^01 
the production of ojl from eoai and sh.ale, and Boghead c.annel wat 
even imported from Scotlanil for the puriiose ; thc.se factories, which 
worked under licence from Dr. James Young, the founder of the 
Scottish Shale Oil Industry, were subsequently converted intc 
petroleum refineries (Heitwooit). Young’s first jiatent for obtaining 
p-irafli# oil from bituminous coal was taken out in 1S50, and th< 
nnneral wfuch he used was Boghead cannel, a rich bituminous minera 
yielding by*distiIIation from IflO to 130 gallons of oil per toTi. The 
supply of this mineral soon became exhausted, and sippe then th( 
Scotoli oil has been prodficed from the bituminous shailes of the ooo 
measures. The manufacture of paraffin oil from shale at the woj-ks 0 : 

* For an interesting and very complete account of the Galician potroleun 
and ozokerite industrici^, sec a paper by Redwood, Jou/r. Soc, €hrm. lud,, 1862 
pp. 93-119. 
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the Broxburn Oil Company^ ban been described ty D. R. Stcuart 
{Jour. Hor. Olir.m. ^.Ind., 188'J, p[). 100-109). Tlic sliale is a dark 
grey or lilack mineral witli a laminated or horny fracture. Tlie 
greater proi)ortioii (7.'1 to 80 per ei'iit.) eoiisi.sts of mineral matter; the 
remainder (27 to 20 per ecui.) ir hiiumeu, comiiosefh chiefly of carbon 
and hydrogen, with some nitrogen .and snlplmr. When.thc shale is 
heated to a very low red heat in retorts, this bitumen undorgtjss 
dertniefioo rUrfillalion, splitting up into wate)’, ammonia, gas, and 
oil. Kaeh ton of shale distilled at Rroxburn yields on an average 
30 gallon's of crude oil, C5 gallons of ammoniacial water, and nearly 
2000 cubic feet of permanent g.as, which is used for lighting the works 
and for fuel. 

{(•) Crude Shale Oil is dark green in colour, has a Bjiecifit; gravity of 
0*860 to 0'N90, and is sciiii-solid at ordinary tein 2 ;oratures owing to 
the large (jiiantity of solid pn-niftins (‘paraffin wax’) contained in it. 
When warmed to 90" or 100" K., the oil becomes quite fluid. 
Chemically, it is coin 2 X)scd chiefly of hydrocarbons of the i^araflin and 
olefine scries, the latter 2 )redoiuinating in the fra(;tions used as lubri¬ 
cating oil. fs’a])lithene.s and aromatic hydrocarbons arc also })rcsent 
in large {quantity (Heusier, Jour. *S'oc., I89S, Abstracts, Part I. 

p. 101). 


II. Manufactijjpe. 

The manufaeturc of lubrieiiting oils from crude petroleum and 
■ shale oil is a iu-aneh of a very extensive industry. The great 
variety of hydroearbon.s of which the crude oils are composed 
affords material for the manufacture of numerous ])i’od>icts. The 
lightest and mu.st volatile hydroearlKins compose Crude Naphtha, 
from which rhigolonc, gasoline, benzoline, petrol, motor spirit, and 
similar products are obtained. 'I’hcse liquids, which are devoid of .all 
lubricating pro])erty, form highly volatile and inflammable ‘spirits,’ 
, used for freezing, driving motors, making air gas, carburettiiig coal 
1 ga», and foi- solvent and other |)iirpose.s. Hydrocarburis of higher 
' boiling-point and speeifie gravity, wliieli are still .too fluid luul volatile 
to be used for lubricating, compose the. lUliminating Oils of commerce 
known as kei’oseno, petroleum, paraffin oil, etc. 'I’lio heaviest and 
least volatile hydrocarbons are alone iised for the manuhuiture of 
lubricating OUs, Paraffin Wax, and Vaseline. Tlie refiner's business 
is to sepantte the various products from tlie crude oil and imrii^’ them 
' ior use,, and this he docs by distillation and chemical treatment. 

Xlio value of distillation depends upon the fact tliat {in diffeixiiit 
constituents' of the crude oil boil and volatilise at different tempera- 
ftires, the naphtha coming over first, then trie illuminating oils, then 
■some.' iutemiediatc ’ oils used for gas-making, pr destrueUvely distilled 
so as to increase the quantity oM I laminating oil (sec below), leavflig 
the heaviest liyr^t'ocarhons, unless the distillation is ooiitiiiuud to 
drvhesH. as a residue or Residuum in the still. Tfv senarn.te fme- 



LUBRICANTS—SOURCES, PREPARATION,_AND CHIEF PROPERTIES. 05 

tional distillation^ the naphtha is Biihsoqncntly split up into gafioline,/ 
benzoline, etc., the crude illuminating oil into jiroduets of different 
specific gravities and flashiug-j)oints, and the residuuni into lubricating 
oils of various grades and iKinitiiu wax. 

In* practice, |jowcvor, the distillation, especially of the heavier 
fi'aetiotis, is never a simple process of scpanition, a,s is proved by the 
fact that ]ji-oducts are found in tlio distillates which do not exist in 
the original liijuid. During the di,still:ition the heavier liydroearbon 
vapours partli’ condcmsc on the upper and rtoolcr jiart of the still and 
fall back into tlic boiling li(]uid, while, in distilling the heavy oil, 
Jie boiling lias to be very vigorous to keep up tlie stream of vapour 
issuing from the retort, which nccossifcitcs a .strong tire and a high 
temperature at the liottom and sides of the retort.’ The prolonged 
and excessive heating to wliicli the heavier liydrocarhons are thus 
subjected gradually splits them up, partly into 2)ermaucut gases 
(mar.sli gas and hydrogen), jiartly into liijukl hydrocarbons of lower 
hoiliiig-poiiit and viscosity, which distil over, and partly into tarry 
jiroducts which remain in the still. It has been found, in fact, 
tli'it by setting tlie still so that the n2)j)ei part is kept cool, 
and conducting the distillation slowly in order to 2)i'oniotc con¬ 
densation, or by distilling under inereased 2ircssnre and so raising 
tlie boiling temperature of the liquid, the destructive distillation 
or ‘cracking’ of the heavier hydrocarlious m.ay be promoted 
to such an extent as to largely increase tlie natural yield of 
illuminating oil at the ex2)ense of tho heavier fractions. Large 
quantities of crude petroleum, in wliich tlic reijjduum is not of 
82)ecial value for tlie pixqiaratioii of hihricaiits, are distilled in this 
way in the Dinted States, the illuminating distillate being increased 
from a normal 2n'oportion of about 50 per cent, to ns much as 70 
or 75 per cent., and the residuum reduced to as little as 6 per 
cent. According to Steiiart, the h3’drocarbons of 2)etrohmm are more 
readily S2)lit iq) than those of shale oil, and in Seetiaiid cracking 
for the production of illuminating oil is not practised. A certain 
amount of destructive distillation is, however, neccssarj’ for the 
production of tlie 2)ar.afrni wax which is sucli an importiuit 2)ro<fuct 
of the shale oil industry. The quantity of crystalline wax obtainable 
from crude shale oil by direct freezing is mucli loss tbiin is obtained 
by freezing the distillates resulting from the distillation of the oil in 
such a way .as to cause 2)artial|y destructive changes. 

Destructive distillation which is so valuable in increasing the yield 
of illuminliting oil and in the 2>roduction of 2iaraffin wax has been 
found to be most detrimental to the quality of the. liihrioatin^ oil, 
rcduehig the viscosity, h..ioring the boiling- and flashing-points, and 

’ Steiiart {.Imir. Sue, Cli<%.. /ml., viii. 106) bus ))niiit.ed out that wliiHl 
water in being o-onverted into stemii iiicronses in volume 1700 times, burning oil 
inareases Ic.ss tliaii ‘700 tiiiioo, and licavy oij less than 100 times. In distillmg the 
iieavy oil a great deal lias, tliererore, to bo^onveitcd into va 2 iour before enough is 
formed to reach the 2 )oint of exit from the still, and as t^e s[ieeilic heat of tlw 
vaijour is low, it is easily ooiidensol and falls liack into the boiling liquid. 
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tendihg generally to the production of an inferior product. When, 
therefore, the primary object of the distillation is to" obtain the lubri¬ 
cating oil with its ‘Viscosity, chemical .stability, and other valuable 
qualities unimpaired, every care is taken to reduce the amount of 
destruHim distillation to a minimum. With this object the Steam 
Eefining Process was introduced about 1870. In this process, which 
is largely used in the manufacture of lubriciiting oils from crude 
petroleum and petroleum residuum, u current of steam superlmatod Co 
the required temperature (varying from 150° to 300° C.) is blown ■ 
througli the oil during the distillation, by which means the hydro¬ 
carbon vapours, instead of remaining in Uic still and undergoing 
decomposition, arc sw(!pt rajndly forward into the condensing worm. 
Furtlier improvenu'iits luivc been clfcctcd, (‘sj>ccially in tlic distillation 
of the lieavicr bydrocarirons, sncli as form vaseline and cjdindcr oils, 
by conducting tlie distillation in a partial vacuum, maintained by 
means of an exhaust ejector or other appliance eonucctcd to tlic end 
of tlie condensing wonn. Tire Ixiiliug temperatures of tlio hydro¬ 
carbons are thus lowered, and the rapidity of the distillation is much 
increased. 

In addition to tliesc modifications in the process of di.stillation, the 
plant has also been imjjroved. The thick-walled cast-iron stills at 
first employed, in which the proper regulation of the temperature was 
impossible, have given place to stills of v, rought iron or steel ; the 
vertical form of still has been al)andonc<j^n favour of the horizontal, 
so as to increase the ovapoi'jitiug surface, and tlic stills arc provided 
with low domes or short goose necks in order to still further diminish 
tlie distance traversed by tlic healed vapours. The result of all these 
improvements in tlie plant and jiroexisses has been a great imjirove- 
ment in tlie quality of mineral lubricating oils, to wliich must bo 
attrilnited the rapid manner in which their use ha,s extended during 
recent years. 

Tlie lubricating oils ilianufaetnn'd from crude petroleum in tlie 
United States are Af three kinds, viz.:— nalural, reduced, and d.U- 
iilled oils. 

(a) Natural Oils.—A limited quantity of crude petroleum is found 
in the United States in wliicli the proportion of lubricating liydro- 
carbons is so large that the crude oil only needs purification fi-oni 
suspended and tarry impurities by settling, straining, or filtering 
through charcoal, in order to render it fit for use. Taibricating .lils 
obtained in this way are known as ‘natural oils,’ but very lijtle oil 
of this description is now produced. ‘ 

(?i) Seduced Oils.—(Irude petroleum rich in luliricating oil, but too 
fluid for use as a lubricant without treatment, is careftiliy distilled 
(Kith steam or in mcuo, so as to avoid cracking, until the ligliter 
hydrocarbons have been driven olf. The distillation is then stopped, 
and fhc dark-coloured oil remam'ng in the ktill, red need in volncie 
but increased in viscosity, is known as ‘reduced oil.’ Such oils have 
considerable lubricating value, and are largely used on railways and 
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for heav}^ maohiuery. The chief ohjectu n to them is the tarty 
matter whioli tliey contain, which stains the machinery and paint, 
and interferes witli the free siphoning of the oil. In tlie manufacture 
of ci/lm^er oil, suitable deaoriptions of petroleum are carefully redi^pe^ 
at as low t* temperature as possible, in vanm ; and lux filtered I 
oil the highly viscous residues thus obtained are repeatedly filtered 
through animal charcoal kejit sufficiently warm to maintain the oil 
fluid, until the required degree of transparency is obtained. The 
reducing process is not always carried out in stills; the lighter hydro¬ 
carbons are sometinies evaporated by exposing the oil to the rays oi 
the sun in shallojv tanks containing water warmed by steam coila,.the 
oil floating on and depositing its suspended impurities in the water. 
This process is known as ‘sunning,’ and the product .as ‘sunned oil.’' 
. (e) Distilled Oils. -’I'liese oils arc obtained from vesiduum. 'Those 
produced from American ))etroleuni usually contain jiaraffin wax, and 
are known as ‘pamjibi <nls’ ’The linssian oils contain little or nc 
paraffin. Distilled oils usually undergo tioatraeut with acid and 
alkali by wiiich they are partially decolorizeil ami made transparent; 
in tliis way tlie ‘pate oih' arc produced. 

ItesiduHin, as already described, is the tarry residue remaining ic 
the erudemil stills after the u-ajihlha and illuminating oils have boec 
distilled over with more or less cnaekihg. As a rule, the distillation 
of the crude oil is stopjicd at this stage, the residuum is withdraws 
from the still and, after standing for some time to allow the fine 
particles of coke contained in it to settle out, is transferred to speoia] 
stills e.alled ‘tar-stills,’ in which the distillation for lubricating oils h 
conducted with snperbeated steam, fir in rarno, generally in separate 
factorie.s devoted to the manufacture of lubricating oil. The residuum 
obtained in the United States is very diflercnl, both in qinautity and 
in iiu.ility, from the Russian product. By cracking, 'be yield ol 
residuum from Pennsylvaniaiij petroleum is r^uced to as little as 
5 to 10 per cent., whilst from the cnide oil distilled at Baku at least 
60 per eciit. of residuum is obtained. This dift'eronoe in the yield is 
not entirely due to the different character of the crude oil. Crude 
Penusylvani.aii oil distilled without cr.ackiiig will give from ‘20 to 30 
per cent, of lubricating oil. and correspondingly less illiiminatiiig oil. 
At Baku, tfie residuum called by the Russians ‘ostathi,’ .and by the 
Tartars ‘ mazui,’ is in great demand for fuel, and there is not the same 
inducement to reduce the yield by cracking as in the United States. 

■ Aroeric& residuum contains a variable proportion of solid hydro¬ 
carbons, ani varies accordingly both in consistency and -in -speoific 
gravity; it is the source of all the paraffin wax obtained in the 
United States. On the oilier hand, the Russian ostatki produced at 
Baku is a more fluid oil having a uniform specific gravity of 0'90 tc 
0’91, and Containing so iftole solid hydrocarbons as to yield practi¬ 
cally no paraffin wax.^ Lubrioating oil of a kind his been made it 

1 A sunniuff poicess is also used in the manijfacture of* hloomless ’ oil (see p. 98) 

“ Engler, Jour. Soe, Chem. lnd.,J886, p. i77. 
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the United States hy Kimj.ly filtering the ro.sidmim through steam- 
heated filters, but the niistablo character of the product and the 
acBompanying tarry mattere unfit it for any but the roughest 
purposes. Russian residnnni is similarly eni])loyed, after separation 
of water and treatment with snlphurie acid. Uiit tlie iisuhl inotliod 
is to refine the oil by distillation with superheated steam. In the 
United States the distillation is carried to dryness. Tiic first 29 to 
25 per cent, of the distillate is a very Hnid oil of about 0'834 sp. gr., 
which is either returned to the crude oil tank or is refined as a 
special high flash-point burning oil. The oil that follows is lubricat¬ 
ing oil, and contains the ))araffiu wax; it is cither eolleoted all 
together or in sej)aiuto fractions, .lust at the end of the process, 
when the bottom of the still is rod hot, a thick resinous product of 
light _yellow e,olour and nearly solid consistency distils over, which 
is used .as a lubriciiut for the necks of rolls,* or-, according to Sadtlcr, 
is added to paraffin oils to iucrejiso the density and lower the. cold- 
test. About 12 per cent, of coke remains in the retort, which is 
used for the manufacture of electric light carbons. The parafliu oil, 
if collected all together, is washed first willi ,aoid and tli"n with 
alkali and is then reduced in tumperatiire, which causes the par.afihi 
to crystallize. Tlic S(.ni-solid mass is pumped into filler-presses, 
and the solid jiortion afterwards subjected to hydraulic pressiu'e, 
the solid cryst.alliue cake which remajp l>eing converted into refined 
paraffin wax. 'J'lie, fluid oil wdiicli drains from the. presses is carefully 
redistilled and collce.tcd in separate fractions, yielding a vari{!ty of 
lubricating oils ranging in density and viscosity from the ligiitest 
and thinnest spindle oil to heax'y machine oil and c\ en cylinder oil, 
though cylinder oils are not usmilly made from rosiduimi. If tl>o 
paraffin oil, instead of being collected all together, is fractionated at 
the first distillation, tlien those fractions which contain the wax are 
separately treated fbr its recovery. Tims, according to Rcdweod, 
theosecoiid fraction following the oil of 0‘8.34 sp. gr. (see above) may 
be collected so as to have a sp. gr. of 0-860-0'870, and may amount 
to 25 per cent, of the original residmnn. This fraction may be sub¬ 
divided by redistillatinn, or may he made into ‘ Nenfm! ’ or ‘ lilminlexK ’ 
oil by cooling to separate the par.aftiu, filtering througti bone-black 
to remove colour aud odour, and exposing to the sun and air in 
shallow tank.s, or treating with nitric acid or nitro-naphthalene or in 
other ways to remove fluorescence or ‘bloom.’ ‘Neutral oil’ has a 
very low viscosity, and is largely used for the adulteration of animal 
and vegota61o oils, for which rea.son it is debloomod so .aw to remove 
the fluorescence which would l,)otray its presence. 'I'h.e distillate 
following the neutral oil is the ‘stock’ fob engine oil, and the per- 
'centage is determined (with a corresponding inverse variation in the 
proportion of the second fructiiin) by the use to which the product 
is to be' put. ■ For heavy machino oil the proportion is reduced, 
so- that a distillate of sp. gr. 0-928 to 0'933 may ha obtained, and 
’ ' * /ewr. Soc. Cheui.'hid., ISfR, p. 242. 
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after the {wraffiii has been separated thts.viscosjty is sometimes 
still further iiicrcasod hy distilliiij' off some of the more volatile 
oonetituonts by means of siipcrboated steam and ffltcrinf; the 
' redueed ’ oil through cliarcoal. 

Previous to the ohBniical treatment of tlie lubricating oil distillates, 
they are freed from mechanically ini.red water by settling, and tlie 
last traces of moisture are got rid of by heating the oil in tanks 
fitted with steam coils. The dried oil is thou thoroughly .agitated 
with (concentrated sulphurie acid, tlie proportion of .acid varying 
from.4 to 12 per cent., according to the strength of the acid and 
the 'amount of impurity in the oil. After thorough settling, the 
clear oil is drawn off', .agitated with a solution of caustic soda, and 
again allowed to settle ; it is then well washed with warm water, 
allowed to rest until elcar, and tin.ally dried hy being heated in sballow 
pans provided with steam coils until the oil is bright. Sonietiuies the 
oil after being treated with acid is pumped into a still containing a 
solution of caustic soda amounting to from 2 to 4 per cent, of the 
oil, and is redistilled from the soda, by which pioces.s free acid and 
suljihonates are more ))crfcctly removed and the oil is improved in 
colour. The treatment with siilphnric acid removes tarry matters, 
as well as sonio of the more cii-sily acted on liydrocarhons,' and the 
soda neutriili/.cs the remaining traces of sulphuric acid as well as 
organic acids contained iu the oil or resulting from treatment. The 
•.'hemical changes which take place are liy no means fully uiidorstood. 
Secondary reactions occur, certain of the hydrocarbon,s being very 
liable to undergo oxidation with formation of aciu products, 
especially during the alkaline treatment. Great care and attention 
are, therefore, needed to produce the most highly refined oil, which is 
clear and bright, contains neither acid nor alkali, and does not 
become turbid on standing. ^ 

((f) Kussiau Oils.—Themamifacture of lubricating oils from ostatki 
was commenced hy V. I. flagosine in 1876, and two years later the 
Hussian oils wore first iutrofineed into England.- Up to that time 
'naphtha and illuminating oil were the only products maunfaotiirod 
from the crude (lauea.S’an petroleum, and the ostatki was either 
burned as fuel or entirely wasted. Even now the greater propor¬ 
tion is used as fuel, and only a comparatively small proportion, 
about 10 per cent, acoording to Redwood, is maimfaetnred into 
lubricating oils; hut, considering the enormous quantity of ostatki 
produces, even (this small proportion amounts to a considerable 
voluine. , 

The ostatki,^ which is st-red in large tanks sunk in the ground,^ is 

9 ^ 

^ .U is said that some valuable lubncatiiig hydrocarbuns are withdrawn by the 
action of sulphuric acid. ^ 

® Jour. Chevu hul.y 1887, p. 631. 

^ See Jour. Soc. Chem. M., 1885, p. Ill; and 1886, p. 382. 

^ ■* Kedwood states tliat Messrs. NoW have a cylindrical tAk of this descrip¬ 
tion holding eleven million gallons. 



100 


LUBRICATION AND LUBRICANTS. 


first pumped into rai.sed'tanks in which it is h4ated by steam coils t 
facilitate the settling of water and other impurities likely to cans 
frothing and cxplnsive ebullition. The clarified oil flows, by gravita 
tion into tho stills, which are horizontal wrought-iron vessels o 
circular or ollijitieal section, waste oil being th'c fuel used for heat 
ing them, Wtion tlio temperature has risen to or 140“ C 
(26G°-284“ K.) a fairly regular ebullition sets in, and distillatioi 
commences at about l.fi0“-160“ C. (;!02“-320” F.). Superheated steari 
is then admitted tlirough perforated ])ipoH placed very near th 
bottom of the retort, and the distillate is collected in soparat 
fractions as the temperature rises, until the oil coming over ha 
a density of Odll-fi to 0'920, when the fire is cxtingiushed. Th 
injection of steam is, however, continued until oil ceases to com 
over. The still is then left to cool, and the re.siduc, called goudron o 
(leggut, is run ott' while still hot into tanks placed outside the building 
The fractions collected by this pnxioss present the characteristic 
given in Table .W'lll. 

‘ Sular OH ’ is too fluid for lubrication, and is used either as i 
heavy illuminating oil or for m.-ikiug oil-gas. ‘ Mixing Oils’ ar 
also prepared from solar oil, the chief use of which is for purpose 
of adulteration (Iledwooil). 

’Goudron’ when cold is almost solid. It is used as fuel am 
for other purposc.s. Sometimes a lubi#!ating grease is made fron 
it, of the nature of vaseline, by mixing it with about one-third sola 
oil and very gradually heating the mixture in a still to 180“-200° C 
DistillatiuiF is then started by passing in superheated steam. A 
first a fluid oil comes over, but soon the distillate begins to partial!; 
solidify on cooling, the proportion of solid gradually increasing unti 
the whole solidifies. This distillate is collected separately, unti 
about three-fmirth.s of the contents of the still have come over. 


Tamle XVIII. —Fractional Distillates from 
Russian Residuum. 


Fraction. ^ 

Deecriiition. 

IMstiUiug 
at * C. 

Per Cent. 1 

Specific 

(imvity. 

Colour. 

I. j 

Holar Oil^ 

1.50-170 

10-12 

•840-’8«0 

Pale 






yellow, 

2nd i 

Light S 2 iindle Oil, . 

i 170-200 

1 

12-15 

•870--880 

Vellow. 

3rd 

Heavy Sjnnile ut Light 
e Machine Oil, 

. 200-250 

8-10 

j •bs-'SIW 

Yellow. 

4th 

' Engine Oilj . . \ 

• 2 r,Q-:m 

30 -.5.1 

, •008--912 

Reddish- 


1 

1 1 


yellow. 

5th 

1 Vylinder Oil, ! *' . ^ 

300-320 

10-12 ' 

1 -916--920 

Red. 

Residue 

' Goud{ TH, . 


1 12-15 

i -orto 

Brown 

I 1.1 ...1. 
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All tlic Inhncatiug (dl duti!lutes have a dijrk colour and a strong 
odour. Paler coloured, odourless oils arc jjrodnccTl from them by 
chemical treatment followed by rcdistillation, as in the case of the 
American oils, hut as the llussian oils contain no paraffin wax the 
rofrigefating process «, of course, omitted. 

The various f^rims of plant used for the distillation of lubricating 
oils from petroleum and shale, tliough differing in detail, merely 
represent different methods of carrying out the general principles 
referred to on pp. 94-96, and the yield and characters of the separate 
fraetjpns obtained in different factories vary according to the nature 
of the raw material and the demands which the manufacturer has 
to meet. 

(e) Shale Oils.--Crude shale oil yields on distillation the same 
products as crude petroleum, viz.; —naphtha, illuminating oil, gas oil, 
lubriciiting oil, and paraffin w'ax. The methods of separating these 
products and obtaining them in a pure stiito are the same in principle, 
viz.:—fractional di.stillation, followed by chemical treatment of the 
distillates; but the j)rocess is more complicated. Hhalc oil is 
subjected to a largo number of scp.aratc distillations and trciitments 
in order to facilitate the sejmration of the {# 11 x 111111 wax, of which the 
crude oil yield,s about 13 per cent., adiilst American jietroleum yields 
only about 3 {ler cent., and Caucasian petrolciiiii none. The lubricat¬ 
ing oils from shale are of low viscosity (spindle oils), and arc all 
diiiiUed oils, there being 110 jirodiicts corresponding to the natural 
and reduced oils jircparcd from American petroleum. 

for further information regarding the manufacture < of mineral 
lubricating oils, drawings of the plant, etc., the reader is referred to 
the standard treatise on the subject by Kedwood. 

III. Properties and Composition of Mineral Lubricating Oils. 

Mineral lubricating oils are classed commercially S,s ‘pale’ and 
‘dark.’ The pale oils are more or leas transparent, and {rresent a 
variety of shades of yellow and red. The dark oils are opaque, and 
are either greenish- or hvownish-black. Most uiineral oils, unless 
they have been ‘ dcbloomed ’ by chemical treatment, are (in distinc¬ 
tion to animal and vegetable oils) fluorescent. The smell and taste, 
although usually slight, arc also characteristic. 

The specific gravity usually ranges from about 0-860 to 0-940, 
tliough oils of higlicr sp. gr. are occasionally met with. The boiling- 
point is high, usually above GOO” F. (315-.’)” C.) in the case of refined 
distilled oils. The flashing [loiut ranges, witli few exceptions, from 
300* to 600' F. Tile cold-tost ov setting point varies, and depends 
jmrtly upon the proportion of .solid hydrocarbons present. Russian i 
ods have tlio lowest setting-point, someturics below 0’ F. ; most 
American ISils do not remain fluid below 25" F.; Scotch oils set at 
about 32° F. ^ 

The lubricating oils obtained from petroleum present a much 
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greater range of viseosity than the fixed oils. ,The thinnest are more 
fluid tliaii .sperm'oil ; the thieke.st are more vi.seous than eastor oil. 
.Sootcli shale oils iu-e only met with among the oils of low viscosity. 
Heferenee to the tables on pp. 162-166 will show how slight is the 
eoimeetion hetHeen s|)ceific gn,vity and viscosity. Among oils of a 
given specific gravity, natural and rcslnced oils are njoro viscous than 
roflnod oils ; and among the latter Hus.sian oils, at low and moderate 
tempei-atui-es, are more viscous than American. Mineral oils iose 
viscosity with rise of tem])crature morerajvidly than the fixed oils; hut 
if the curves of absolute viseosity on pp. 168 and 16D he studied, i^t will 
be seen that this diU’ereuce becomes much less marked at temperatures 
above 100“ F. (or l.bO” I'', in the ease of cylinder oils). The I 0 .SS of 
viscosity is greater the more viseous the oil; and the higher the 
temperature above the normal, the more nearly do all oils ajvproximate 
to one another in viseosity.. It is not entirely owing to the greater 
influence of temperature on the viscosity of mineral oils that they are 
less perfect lubricants th.an the fixed oils, bvit partly owing to the 
fact that they are deficient in the property of ‘oiliness,’ the nature 
and cau.sc of which anv .somewhat obscure. 

Although the chemical composition of petroleum has been the 
subject of an immense amount of research, attention has chiefly been 
directed to the imjvhtha and illuminating oil fractions, wliilst tliose of 
higher boiling-point, from which lubri^rting oils are prejiared, have 
been comjvaratively little studied. Allen states that the lubricating 
oils obtained from American petroleum and from shale consist largely 
of olefines*; jvaraffins are present in considerably larger proportion 
in the jvetroleum pi'odviet than in the shale product, and the latter 
also contains small amounts of polymerized acetylenes, and possibly 
also terpenes. Zaloziecki has confirmed the presence of terpenes in 
the higher fractions from petroleum.’ Aisinmann^ states that the 
American lubricating oils consist chiefly of paraflnis, and that those 
from llaku are composed mainly of naphthenes and olefines. More 
recently, I'liigler and .lezioninski “ have come to the conclusion that 
these difl'erenccs do not exist. JSy making analyses or petroleums 
from diflbrcnt sources, and also of the ’.’arious fractions obtained 
by their distillation, they have found that the ratio of carbon to 
hydrogen increases with the l)oiliug-point, and that in all cases the 
highest fractions contain, in considerable ipiantity, hydrocarbons 
which arc poorer in hydrogen than thnse of the ethylene series. 
From these analyses, and from a coinjrarison of tlijp iunouirt of each 
fraction absorbed by sulphuric acid, they conclude that the fractious 
boiling above 200° C., of American as well as of Russian ,,'id Galician 
oils, consist mainly of unsaturatoi hydrocarbons. Kraemer and 
Spilker’ have prejrarod syiithetical hydrocarbons, resembling in their 

^ Joai, Chevi. Sw., 1894, Aba., i. 611. 

^ Juur. S<K\ Chem. /nd., 1896, ]>. 283. 

^ Jour, Chr.7i>.. Soc,, 1896, Abs., i. jj. 1. 

‘ Jf^r. (Soc., 1891, Abs.. p. 1462. 
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ijliyaical and clieiniual chaTiujters mineral lulrricating oils, by the ci^- 
leiisatieu of niethylbeflzeiies with oiimauiene or with ally! alcohol in 
die prcsoiicc of .sulphuric acid. The product formed from psoudo- 
jumeue and allyl alcohol had the composition and was probably 

liln('tl^yldiouulvlnJcthano; it boiled alKivc 300" C, and in the 
.•isoomotor gave, at 15° the value 77.') (watcr=l), whilst the 
lest Kussiau lubricating oil gave, in the same ajiparatus, the value 40. 
Ki’aeiuer and Spilkcr regard those bodies .as tlie ‘ viscosity carriers ’ 
rf mineral luhrioating oils, and have jirovcd that their viscosity 
ncroascs rapidly with the number of methyl groups in the molecule. 
\lills»states that the normal paratiins are not lubricants, and that the 
ubricatmg properties belong to one or more scric,s of isoparaffins.’ 

l)(wid(!S the fluid hydrocarbons, American and Scotch oils contain 
«)lid hydrocarbons (paraffin), and in the dark ‘ reduced ’ oils 
variable (piantitics of asphaltic and tarry bodies e.vist. 

.Mineral lubricating oils arc unsapouiliablc, which enables them to 
le easily separated from the fixed oils. In Hiibl’s process they absorb 
'roin 7 to d;5 per cent, of iodine, according to their origin. Owing to 
die almost entire absence of any tendency to oxidize or develop acid, 
;hey do not as a rule gum or coiTode bearings, and, if carefully 
•efined, so as to be free from volatile hydrocarbons, they undergo but 
ittle change by use. Thrrefoi'c, pure minei-al lubricating oils, if 
)ccasionally filtered to remove suspended impurities, can be used over 
ind over again, which is not the case with any of the fixed oils. 
Mineral oils, owing to their noii-oxidizable character, are also incapable 
)f igniting spontaneously, and when mixed in sufficient proportion 
.vith animal and vegetable oils, they reduce the risk of fire. “ 

B.—FIXED OILS AND FATS. 

Sources, Composition, and Oeneral Properfc'-s. 

‘ Fixed ’ oiks, .so called because they arc not vokatile without 
Iccomposition, arc found i-e<ady formed in certiiin tissues of animals 
ind plants. They diffci from the mineral oils in containing oxygen 
is an essential constitviont, the proportion ranging from 9'4 to 12‘5 
3cr cent. The distinction between fixed oils and fats is only a matter 
)f temporfiturc. All fi.vcd oiks become fats at low temperatures, 
md all fats become oils at 150" F. 

7'ho Pat of teivestrial animals is found in the cells of the adipose 
issue, and iu the case of marine animals in the blubber, from which 
t is melted out or ‘rcnderefl’ by simple heat, or by boiling with 
vater. The oils of plants osdlir mostly in the seeds or fruit, and 
ire obtained either by expression, or by means of solvents 
luch as, petroleum ether; oils so obtaincr^ are frequently subjected 
io a process of refining, in order to remove the albuminous and 
’ Destructive Distillation, fourth edition, p.^4. 
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injicilaginous matter which is expressed or dissolved out with the oil. 
Each of the different oil-yielding plants and animals furnishes its own 
peculiar oil ; hence a considerable variety of fixed oils and fats exists. 

Animal oils are usually either colourless or yellow ; vegetable oils 
arc of varioms shades of yellow and green, the green colour bcipg due 
to the prosenee of ddoniiihyll, which is charaotAistie of ibis class of 
oils. Each kind of oil has usindly a <listinetive i dour by whioh 
it can bo identified. Fixed oils very rarely prescni a iluoresecnt 
appearance, unless adulterated with mineral oil. 

In speoitic gravity they range from about 0'87!) to 0'!)68 at f0° F. 
Sperm oil is the least viscous, castor oil the most, but each kind of 
oil has its own peculiar viscosity, which varies but little. They 
cannot be distilled without decomposition, the so-called ‘boiling’ of 
fixed oils being due to the esca]>e of gases produced by desuiietive 
distillation. The solidifying points of fixed oiks, and ihe melting- 
points of fats, vary eonsideiably (see pp. 191) and 204). 

A fundamental difference between fixed oils and mineral oils 
exists in their behaviour towards atmospheric oxygon. Mineral oils 
arc almost indifferent to oxygon, but all the fixed oils combine with 
it,* and most of them undergo, as a result of the oxidation, changes 
which convert them sooner or later into solid elastic varnishes. The 
oils which behave in this manner are called ‘drying oils,’ and a few 
which oxidize and dry most rapidly (notably linseed oil) are used as 
vehicles for paint. Lubricants are ssICcted from the ‘non-drying’ 
or less strongly drying oils, the chief of which are olive, rape, and 
castor among vegetable oils, and tallow, lard, noatsfoot, and sperm 
aoioiig animal oils. 

All fixed oils are composed of fatty esters, formed by the union of 
alcohol radicles with fatty acid radicles. The alcohol radicle occur¬ 
ring in the vegetable oils and in most of the animal oils is the trivalont 
radicle pli/eery/, C-Hj, the radicle of glycerol or glycerin (OgH,,( 011 ) 3 ), 
and its esterS, known as ijhjearides, may be represented by the formula 
C 3 H 3 II 3 , in which It repreaeuts the fatty acid radicle. Usually 
Several esters occur together. Those most frequently met with 
are triglyccryl stearate or tristearin C.,H 3 (U.C, 3113 . 0 ) 3 , triglyoeryl 
palmitate or tripalmitin 03 H 3 ( 0 . 0 ] 3 H 3 , 0 ) 3 , and triglyceryl oleate or 
triolein 03113 ( 0 . 01811330 ) 3 . Stearin and palmitin predominate in the 
solid fats, olein in the fluid oils. Olein is the chief constituent of 
many of the host known luhricants, such as lard, tallow, neatsfoot, and 
olive oils. Until recently, natural oils and fats were believed to be 
mixtures, exclusively, of simple triglycerides such us the a^iove, in 
whioh all the acid radicles contained in the molecuL' are alike; hut 
‘ recent researches have proved that mixed triglycerides also oocur, 
such its stefiro-dipalmitin, palmito-distoarin, oleo-palmito-Htearin, etc. 

, Allied to the fats are the waxes, which are esters of mono- and 

* la conbtsqueace of this plbperty, cotton waste and liuiilar tibrouS materia] 
wltefl saturated with many of the fixed oils, especially those of the drying cl«as, 
Arc liahle.to heat ai^ undergo spoutaneoue ignition (see p. 278). 
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. di-hydric alcohols. Thus, cetyl palmitate or cotin, C, 3 0 C IF'O 

derived from cetyl Jlcohol fC TT Ol in i ■ 33 - 

SDcrniacph- %v.„ ■ i >» ^he clinf constituent of 

spermaceti, and myricyl palmitate or myricin C H OP W n 

. from myricyl al^hol (C,„H„,0), is the chief ingrefeift"o?‘SiJ 
hperm and bottlen^se oils belong to this group, and are therefore 
known as liquid waxes, since the esters composing them are not 
glycendos, but arc derived from mono^hydrio aloohofs. 

acids ^ The c hydrolysis, are split up into alcohols and fatty 

Olds. I he change can bo effected in several ways: by hcatini? with 

'‘-‘T "!“■ «d. o“Th«ig 

witHallcahs, but however produced it is known as ‘ Mvonilinition’ 
Iji sapoiiifacatioii by heating with water under pressure both the 
a^c'ohol and he fatty acid are liberated in the fi4 state Thus in 
•Tig eqnat°ioif-"’ change is represented by the follow- 

^ +3H,0=C,,H5(OH)j+ 30,gH.,,!),. 

olcm + water= glycerol + oleic acid. 

■Ls ‘**‘^‘*“ ^^'h^ders wl) Ml fatty oils are used 

the Pt T' 1 r ‘ ““'■rode 

the metal and h.rm metallic soaps which choke the steam passages. 

““Porohcatioii IS effected by moans of an .alkali, such as 

vM . Tr^r ‘'■"f acid combines 

V t. the alkali or ba.so, fomimg a xoaj,. Thus, when olein is heated 

POfosh the following change takes place, in the 
uehnite proiiortions stated :— 


C:.H5(0,gH.„0,,),,+ 3K0H 
olein ( J potash f 
884-81 pts. ) + ( lCK-44 pts. | 


= C,H,(0H)3 
j glycerol 
\ 92-0<5 pts. 


+ 3K.C,gH,„02. 

/ potassium oTeate 
1 901-22 pts. 


Ins icactioii enables us to at once distinguish between a mineral 
oil and a hxed oil, and to separate tlie mineral oil from a mixture of 
t ie two. hor, oil boiling with potash, the hydrocarbons composing 
e mineral oil undergo no change, hut the esters composing the fatty 
1 undergo saponification, forming soaps and glycerol, both of which 
statc^"^ away by water, leaving the mineral oil in the free 

In the ease of a wax like sperm oil or wool fat a complication 
arises. Since the wax alcohols are not soluble in water, and, therefore, 
ooiitainmato the mineral oil. The mixture can, however, he analysed 
oy the wotliod described on p. 24o. 

.Soaps are easily decomposed by mineral acids, and the fatty acids 
add**-—**'” “’*** potassium oleatc and hydrochloric 

K.CjjHjjO.^ + IICI = KCl + 0 H 0 
potassium deate + liydrochloi-fc acid^potasijpm chloride + oleic aci^! 

• melted, are oily liquids, whioh float as an 

insoluble oily layer on the surface of water; but a Ibw, such as the 
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valSric acid of porpoise jaw oil, arc soliilde in water, and evaporate 
with tlio steam when the" water is Iwjiled. The* fatty acids obtained 
by saponifying the natniul oils .are .almost invariably mixtures, 
and by examining t.he mixed fatty acids it is frequently possible to 
determine the nature of the fatty oil from wh^ch they havet been 
derived. 

The ehiei fatty acids which are known to occur in lubricating oils 
are given in Talile .\IX. 


Taut.e XtX.--F atty Acids occunRiNaj tn’ Lubkicatinq Oils 


Seriob. 

Name ol Acul. 

Konuula. 

OfeurB fliieliy in 

Acetic, 

{suvalcric 

Oapruic 

Caprylic 

Oapric 

Laurie 

Myrietic 

Paliiiitie 

^Stearic 

Araf^hidic 

Ligiionerie 

(!„ 

C,.dl.^O, 

Porpoise jaw oil. 

1 Coconut oil. 

J I 

Palm <ul; al.su tallow, i.dive 
oil, and cocemut oil. 

Tallow; also palm, castor, 
and rape oils. 

J-Ejirtliiuit, raT)e, and mustard 
* oils. j 

Oleic, 

Olcie 

Uapic* 

Erueic 

C 22 II 4202 

Olive oil and tlie animal oleins. 

1 Uape oil. 

LinuUc, 

Linolie 


'J’lie drying oils ; also in olive 
and jKilm oils 

Kicinoleic, 

ILcmoleic 

Jsorieinoleic 

^18^ ^34^3 
* '1H^34^^3 

1 Cactor oil. 


Dihydroxy- 

fjt€aric 

c„H3,a 

Castor oil. 

__ 



. * 


The veijafalde oUx chiefly used for lubrication al‘e rape olive, rnd 
castor, lljipc and olive oils arc empl^ed both alone and mixed with 
mineral oils, (laslor oil is largely used for railway work in India, 
mixed witli heavy mineral oil, i.)f whiclj it can take up a certain pro¬ 
portion only, the amounfVaryiug with the temperature. T« produce 
.with castor oil and mineral oil a mixture th.at will not, even at low 
temperatures, separate on standing, an equal volume of tallow oil or 
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lard oil muiit first hejnixed with the castor oil. Coconut oil is Said 
to he UiScd in India on li^lit-riinniiif' inachiuo'y, and in this country 
for the ])roparation of mixed spindle and loom oils, but the commercial 
oil seours (juiti! unsuitable for such purposes, owing to the large 
amoulit of free fiit4' acid which it frecpiciitly contains (see p. 116). 
Maize oil (eorn,oil) has been descrilwd as a non-drying oil and a good 
lubricant, hut it dries as readily as eottonseed oil.' I’ahn oil is some¬ 
times used in making the yellow grease employed for the luhrioation 
of railway wagon axles. Hazel-nut oil and hen oil are used for the 
lubrication of watches and delieiito meehanism. 

llie animal, (lih chiefly cmjiloycd for lubrication are tallow, tallow 
oil, lard oil, ueatsfoot oil, s[)erin oil, and [xjrpoiso jaw oil. Tallow 
is used for grease making, and the three following oils are chiefly 
'empIo 3 'ed for mixing with mineral oils. .Sj)erm oil is used, both 
mixed and mnnixed with mineral oil, foi' light machinery and 
spindles. ror[)oiBc jaw oil is used for the lubrication of watches and 
delicate mechanism, for which a thoroughly non-diying and fairly 
limpid oil is required. 

Eape (Colza) Oil.—Commercial nipe or colza oil is obtained from 
the seeds of several cultiv.ated v.arielies of/frns.'tnvi UamprdrU, Linn., 
the navew or wild turnip, a plant belonging to the natural order 
Crufi/erae, cultivated very exteusi\cly in France, Germany, Austria- 
Hungary, Koumania, an<l Southern Ifussia ; also in India .and China. 
The principal source of Fluropean r:t])e oil (German, raps<)l) is rape 
seed or cole seed, from i>. (Jaiiijiefirin var. Napu^. li. Campestris 
jiroper, cultivated in France and Helgium under the n«ine-i enj-zn ’ 
yields colza oil (German, kolilsiuitol), and ]i. Campt-btrin var. Jiapa 
\B. Jiapa ohifera, Linn.), grown in South Germany, yields the oil 
known as ‘rubsen’ (German, rubol or ruhsenol). These three oils, 
colza, rape, and rubsen, though botanically quite distinct, are similar 
in their chief physical and chemical characters, ant' arc not dis¬ 
tinguished eommcrcially’, being all sold as rai)e oil. 

The rape seed which is .so largely imported into Furope from India 
for the manufacture of ra|)e oil is the product of ehitdiy B. Campt’stris 
var. Glriura. Indian rape seed varies very much in size and appear¬ 
ance, according to the district in which it h.as been grown, the finest 
commercial varieties being known as yellow Guzerat and yellow 
Gawnpore, less esteemed kinds as Madras, brown Galeuttiv, brown 
Cawnporo, Ferozcporc. cte. A seed known as .lamba rape,- which is 
said t« yield ^ good oil, is occasionally exported from Kurrachi. 
Indian rape has some of the clmi'acters of mustard (possibly owing to 
the common practice ')f sowing the seeds together), in eonsoquenoo 
of which the cake cannot b (4 safely used for feeding (vittle.® The 
resemblance between some kinds of Indian rai)e seed and w’hite 
mustard seed lias led to freuaent mistakes and even lawsuits. Thus 
■ ^ 

' Jour. Soc. Clum. Ind ., xviii. (1899), p. 348. 

" For its characters sue Lewkowitsch, Analysis of Oils, thifd edition, p. 578. 

^ Ktw linlletin, 1894, p. 96. _ " 
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the*8ccd known as ‘Guzerat’ resembles a mixture of ordinary rape 
withVdiitc mustatd. The Ciirefiil exaniinatioii of J)r. Wittmaek, of 
the Berlin Agricultural Miiscuin, however, has shown, conclusively 
that the structural characters of the seeds arc those of rape and not 
of white mustard, and there is ’■easoii to suppose that the wlrfte as 
well as the dark seeds are all the produce of the same plant.' 
Watts'' mentions two other varieties of Indian rape, viz.:— D. Cam- 
pestris var. Dlcluitoma and ]}. Vampe!<tru var. I'oria; tlie oil from 
the former he term.s Indian colza, and says it is chiefly used for 
anointing the body, that from the latter is probably mixed with the 
oil from the var. Olauca. The following results may bo of interest 
as showing the oharactera of Indian rape oil extracted from the seed 
by ether in the laboratory :— 

Taui.k XX. 

Physi<Hl,u.Jch.nurall'lm,-actfrK { oSoull«. 

I _ _ _ _ 

Sp. gr. at 60' X, . . . i ()'9133 O'bHO ()'914() 

Saponiheatiun value, ]K'r emit.,; 17‘50 17’4‘2 n'Xi 

Iodine value, per rent., . . i 97*6 102'7 I 99’f> 

Oxidation test (see Ji. 26.')), . j 1 gnu. ofoil did not dry or heeome 

: unduly tmekeiied in 16 hmiis at 212" X 

K more complete investigation of the constants of Indian rape 
jils expressed from different varieties of pure seeds has been 
mblished by Crossley and Le Sueur, Jmir. Soc. Chem. Ind., xvii. 
d898), p. 989. 

Rape seed, from ]S. Camjmtris var. Chinennir (Gbinese Cabbage), 
8 cultivated extensively in China, and another variety, B, Campestris 
tar. Ctrnua, in Japan. The oil of the hedge or wild radish, 
Raphanus liaphanistrum, sometimes called hedge mustard, is said to 
le mixed with and even substituted for rape oil in Hungary. 

Rape oil is obtained from the seed either by expression or by 
ixtraetion with solvents. In either ease the seed is first thoroughly 
■rushed in roller mill.s. In the process of expression the crushed 
iced is first subjected to very moderate pressure in Uie cold, by 
vhich a considerable quantii i of oil is obtained ; the cakes ar^ again 
mssed through the mill, and the meal is then heated'and damped in 
i jacketed steam-pan called a ‘kettle,’ which proefe.ss, by ■endering 
he remainyig oil more fluid, facilitaljes its expres.sio!i, and at the 
■anie time coagulates some of the albuminous matter of the seed and 
ifeveuts it from being expressed with t\,'e oil. The hea'-ed seed-meal 
s then rapidly moulded iiftb cakes and subjected to hydraulic pros- 

' Kevf 1877, p. 64 ; and 1894, p. 98. 

Diet, of the Economic products of India, vol. i. pji 822- 828 
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sure. In the proeesw of extraetion with a, solvent, by which means 
the larger proportion of the rape oil of commerce is now obtained, 
the ernshod dry seed is placed in the extraction apparatus and 
exhaU|jitod with petroleum spirit or carbon disulphide, and the oil is 
obtained by distilliuft off the solvent.’ 

Crude rape (lil is darV in eolour, and contains albuiuinous impuri- 
tie.s which cause turbidity and set up fernientation, resulting in the 
partial decomposition of the glycerides with liberation of free fatty 
acids. In order to remove these impurities, it is usual to refine the 
oil Uy agitating it, whilst warm, with a strictly limited proportion 
(O’.b to 1'5 per cent.) of sulphuric acid (Thenard’s process) sufficient 
to attack .and char the impuriticH, which are more e.asily acted upon 
than tlie glycerides, without ciiusing serious hydrolysis of the latter. 
•After thoroughly agitating the oil with the acid for about | to 1 hour, 
SJmietimes longer, aeeoixling to the quantity and quality of the oil 
tre.ated, the mixture is allowed to rest, and the susj)ended acid and 
impurities gradually settle out ns a dark coloured magma (‘foots’), 
leaving the oil bright and clear. The latter is then drawn off, 
washed by agitation with steam and hot water, again raeked oft' and 
boiled with water a seeoiid time, allowed to settle, and ‘ haled ’ until 
briglit. 

'J’he following results are of interest as showing the effect of the 
acid refining process uj)Oi) the acidity and otlni- eharaeters of rape 
oil. Kor the samples the authors arc iiidehted to Mr. ,lohn F. 
Hutcheson of (llasgow, who kindly ohtainid them specially from 
Stettin. • i 

Tablk XMI. -Effect ok Repininq Rape Oil dy '"jifiNAiin’s Method. 


Phyeical an<l Chemical Characters. 

Jirown Kiipe 

Oil from freshly 

Brown JlHpc ! 
Oil ctarhlud , 

llehned Kape 
Oil. 


crushed fiecd. 

hy Bcttliiig. 

Free (oleic) acid, per cent., . 

1-58 

i 

0-98 

2-2G 

Specific ^n-avity at GO'' F.. 

O'OHG 

0-9147 

0-9141 

Jielative efflux time at 6(r F., 

104 

101 

100 

Sanonification value, per cent., 

17-42 

17-3G 

17-30 

Indiue viihie, per cent., . 

I0I-8 

100-9 

102-3 

Maumeiie thermal value, ° 0., 

67-0 

5G-2.7 

.7G-76 

Un&apoiiifiable matter, fier 

0-98 

O-D.-) 

0-7.^ 

cents) , 





Rape oil reflnc3 by Th 'mard’s process is apt to contain traces of 
free sulphuric acid (see p. 313)^ • 

As the tendency of the acid refining process is to increase tl^ 
acidity of the oil, an alkaline process,would appear preferable. 
Everord^ process, which consists in agitafing the oil with a weak 

’ For a detailed deecriptioe of oil mill plant, see A J^adteal Treatise on 
Animal atid f^egctable Fate and Oils, by^W. 'f* Brannt, vol, r. chaps, x. and li. 
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solution of caustic soda, l,ia.s been apjdieil to raye oil. One difficulty 
in the practical working of .such processc.s is the tendency of the oil 
and alkaline liipior ts) form emulsions which are troublesome to 
separate, and to avoid this it has been ])roposed to u.se a liquid 
formed by molting .sisia crystals in their watt;r of crystallization 
{Har/niiaii), which is aaid not to emulsify. Milk of Ihno and calcined 
magnesia ha\'e also been suggested. 

Rape oil has been found to contain the glycerides of rapic and 
erucic acids, but the high iodine value of the oil points to the 
presence also of au acid or acids of the linolie or linolenie scries. 
(Jlycorides of saturated fatty acids occur in very small proportion 
in rape oil and include arachidic and, probably, lignoccrio acids. 
Ponzio' found 0’4 per cent, of arachidic acid in one sample. Ahhi- 
found araidiidic acid in the oil from (luzerat seed, but not in that 
from the Kuro])ean v.arictics. .\rchbntt ^ • found I-43 per cent, of 
arachidic (and lignoccric) acids in rape oil extracted by means of 
ether from (luzerat seed, and l']4 per cent, in commercial (iStcttin) 
rajie oil expressed from rape and rubsen .seed. Of hi samples of 
commercial rape oil which were specially examined by Renard’s 
process, about two-lhirds were found to contain arachidic acid. 
Indian rape oil from H. ijlauca sceihs to contain more of this acid 
than the Kuropean oil, and the extracted oil more than the expressed 
oil j of the latter, the cold-pre.ss<‘d oil j)i'<i^fably contains less than the 
hot-pressed. Arachidic and lignoceric acids are also contained in 
mustard oil. 

'■ ■Tffipe lai^s by no means a non-drying oil, and as different sample.s 
vary considerably in o.iidizing property, it is necessary to make a 
careful selection of the oil intended for lubricating. Rape oil is not 
suitable for delicate machinery. 

According to tSchaodler, rape oil sets or solidifie.s at - 2“ to - 10° 
f. ; but Holde states that all rape oils sooucr or later solidify at 0° (I. 
(32° F.). The following experiment wjis made by one of the authors. 
Some genuine retined rape oil was placed in a glass tube, immersed 
in melting ice for three hours without stirring, and then for three 
hours longer, stirring at intervals. It rem.aiiA.'d clear and fluid. Some 
of the same oil, previously frozen, h.avhig been added, tlie oil w.as kept 
in ice for three liours longer, with occasional stirring, but the frozen 
oil slowly melted. The temperature was then gradually reduced to 
14°-16* F, (-10° to -9° C.), and the oil became very turbid, 
but after remaining for two hours at this temperature, with stirring, it 
did not lose its fluidity. After .still further reduoiix'tho temperature 
to 11° F. (- 11'6° C.), and stirring, the oil solidified in alwit half 
an hour. * ‘ 

> Black Sea Bape Oil. Bavison Oil. —Oil expressed fi*om the seed 
of the Black .Sea district,^tnown as rafeon oil, is inferior in quality 

' J.furpr. Otu:m,., xlviii. (1P93), p. 487. 

^ ^en-sk. Kemisk Tid^ikrift, 1893, p. 179, 

• Jmr. A'(K. Ohemi Tnd.^ xvii. (1898), p. 1009. 
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to, and cheaper thail*, oi-dinary nipc oil ; jf, has a higher sp. gr., 
higher .saponific:ition and iodine values, and more strongly drying 
proj)orties than ordinary nipc oil, and is usually of inferior quality for 
lubricating. The unacknowledged admixture of this oil with rape 
oil must ther<'foro be* regarded tis .adulteration. The child properties 
of the oil are sl1.)wu by the results in T.able XXII. The samples of 
Black .Sea oil and seed were kindly supplied by Messrs. Seaton A CJo., 
of Hull. 


• TAjii.R XXfl.—pRoi’EBTiRs OF Bi.ACK Sea Rapf. Oil,. 


I'liysil'ul and 

I'ntii. 

Kustendje 
Kape Oil 
rriude from 
Wild Kape 
Sccfl fr«>Tii the 
black Stia 
I'lxtracteii by 
the OS._, pro- 

Black Sea Itapc Oil 
Exprossed aud 
Rellned. 

Tw«> .Samples. 

1 

Oil extracted 
in tile 
fwiboratory 
from Black Sea 
Rape Seed 
Two Sainples. 

Oil extracted 
from Seeil (t) 
after piuking 
out 13-.S 
of foreign 
Heeds. 



(") 

w 

(n) 

TO 


Kreu acid, us olcic acid, • 

2-i‘A 

0-02 

2-S 




Sjk Rr. ut (50 K , . 

0-oi^i 

(}-92l« 

0-B217 

0 Dill 

0-9200 

0-5)200 

Vi.ucoHity at tHl’ K , 

Saponidcatinii value, 

Ainuit 0 . 
bm'er than 
that of ro- 
lined Stettin 
rape oil. 

17-70 

Alumt 13 '/. lower 
UiHii tiiut of retliied 
Stettin oil. 

17-03 , 17-SO 

17 93 

17-81 

1781 

loi^inu value, . 

110-2 

110-7 

121-7 

111.-. 

lOS-9 

*^109 -3 ' ■ 

J\ramueue theraiul value, 

e;»-8 

76 





Utisajioniflabli! uiaLter, 

1-45 

!•«> 

1-64 




Aracliidic aeids ubtaincd 
by llojiurd’s j)ro(:oS8, 

0-70, 

(m.ji. 70-4*0.) 

1 





Colouv Heactious. 







-Milliau test, . 

Wt‘g 

iieg. 

neg 




Hadouiii'a test. 



neg 




Oxiilatioii test. (1 rtiu. 
<ff nil €X])Oaed on n 
watt'h glass at 212 " h\ 
for ifi Ituurs), 

4 

Ratlier more 
drkn' thni> 
8tott.fn r*il, 
but noi more 
thickened. 

Madly drie<l 
and much 
m.)re 
thickened 
Uiun Stettin 
oil. 


Iirieii and much tldckeneti. 

Pi oMrtlesyf Mixed 
rutty Acids. d 

Sp. gr.at|p."K,, , 


0 

0-8802 


■> 


Iodine Value, . 

o 

0 

" 

126-1 

oo 





For the constants of genuine rape oil,imd the detection of adulteration, 
see p. 312. 
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Olive Oil. —Olive oil ift obtained from the ffuit of the cultivated 
olive tree, Olen Muroptxin Sitfivu, the numerous varieties of which arc 
grown chiefly in the countries bordering the Mediterranean, also in 
California and other countries where the climate is suitable. The 
fruit is very rich in oil, which is contained lihiefly in the fleshy 
mesoearp, but also in the kernel and shell (endocarp).' 

The finest olive oil is obtained* by hand picking the olives before 
tliey become too ripe, gently pressing them by hand in cloths, 
and collecting the oil which exudes. The limited quantity of ‘ virgin 
oil ’ thus obtained appoai-s to bo used as salad oil, and some "of it 
as a lubricant by w'atchmakcrs; it is purified by agitation with 
water, allowing the mueilaginous matter to subside, and skimming 
off the clear oil from the surface. Oil nearly as fine is obtained 
on the large scale by crushing the ripe olives under millstones 
or between iron rolls, usually, thougb not always, without 
breaking up the kernels, and pressing the pulp, without heating 
it, in bags or mats of esparto grass under very moderate pressure. 
After purifying by agitation with water and settling, this cold- 
pressed oil is called ‘ su/ierjine of/,’or frequently 'virgin off, ’ and is 
used chiefly as a salad oil. The once-pressed mare is broken up by 
bending the mats back and forth by hand, moi.stened with hot water, 
and again pressed, more strongly than Ixiforq, yielding ‘ ortHnanj oil,' 
or ‘oil of the second pressing,’ which is^aid to be but .slightly 
inferior to the virgin oil. The twice-pressed marc, after being stored 
for a time and idlowed to ferment (which facilitates the extraction of 
“Srrwstjv i>s".Tground so as to crush the olive stones, and after being 
stirred up witli boiling water, is subjected to the heaviest pressure 
obtainable wdtli the appliances used; oil of inferior quality, called 
‘pyrene oil’ov ‘hagoeses oil,’is thus obtained. The residual marc 
still contains some oil, which is extracted by means of carbon 
disuljihidc or petroleum spirit, and is known as 'mlphocarhon oil.’ 
The last two kinds of oil are dark green or brown in colour (due 
to the prc.senee of chlorophyll), consist largely of decomposition 
products, are very acid, and arc fit only for soapmaking or dyeing. 
Some of the dark-colnu red oils, even wliciT nearly neutral, are of 
inferior qmality for lubricating, owing to their tendency to thicken 
and ‘ gum ’ on the bearings. Oils known as ‘ huile tournante ’ 
and 'huile d’enfer’- arc much decomposed and highly acid olive 
oils recovered from the watery residues of the oil pressing, and, 
though in demand for dyeing Turkey red, are ■ quite unfit for 
lubricating. 

In the refilling of the crude olive oil, it is sometimes allowed merely 
to rest in lllrgc tanks until the ‘ mucKage ’ has deposited, undergoing 
' during the time more or less decomtio.sition, and often becoming 
spoiled for lubricating. Seraetimes the oil is refined by wasljjng with 

* See Alder WriRht, OU», Fats, IVaxrs, etc., second edition, p. 420. 

, * ‘ En/er ’ iS the 9hme given to the stone or tile cistern in which the water ia 
left for the oil to rise. 
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water alone, and soin^times it is washed with caustic soda, 
France it is usn,al to filter the oil through cotton or paper.' 

Olive-kernel Oil was formerly believed to he qnite different in 
properties from ordinary olive oil (the oil of the mesocarp), having 
a shai^j and bitter trste, a dark green or brown colour, and being 
readily soluble in alcohol, owing to the presence of nmeh free fatty 
acid ; but' it has been shown by Klein that the oharaoteristics 
hitherto assigned to olive-kernel oil are really those of pijreite. oil 
or haganfen oil, the dark coloured and more or less deoomposed oil 
expressed from the stones and refuse of the fimt and second pressing 
of the olives. Pure olive-kernel oil, prepared both by cold and by 
warm expression from the kernels alone, without any admixture of 
the pulp, was found to have the following characters, as compared 
with a sample of ‘ bagasses ’ oil;— 


(iHve-kemel Oil. ‘ Jlnyasscs ’ Oil. 
Sp. gr. at G0° F., . . . O’SISC to 0'91.91 0'928 

Saponification value, per cent., 18'23 „ 18‘38 19'05 

Iodine value.87-0 „ 87 3 71-6 

Free batty acids, jx!r cent,, , POO „ 1’78 7]’12 


From these, results i't appears that pure olive-kernel oil is somewhat 
higher in sjieoific gravity and iodine value, and lower in saj)onifioation 
value, than ordinary olive oil, but it does not naturally contain an 
cxce.ss of free fatty acids. The characters of commercial olive oil 
must evidently depend to some extent upon whether the p.rocess of 
extraction has or has not been such .as to include the kernel r'l, 

Olive oil has been skated to contain about 28 per e(!n„. pkiutivi.f" 
07 per cent, olein, .and .O per cent, liiioleiti (Hazura). Later ro- 
seiirchcs, however, have sliowu that the proportion of glycerides of 
solid fatty acids in different olive oils is extrcineiy variable, and 
usually very much less than the above (Tolman and Munson). 
Stearin is absent {He/mer and Mitehell). According to 'Tolde, the 
solid fatty acids are partly present as mixed glycerides. Traces only 
of araohin have been found in genuine olive oil, and Klein states that 
in olive-keniel oil he could find none. 

For the oharaeters of genuine olive oil and the detection of adul¬ 
teration, see p. .316, 

Castor Oil,—Castor od is obtained from the seeds of the castor oil 
plant, Hii'iuu.s communis, Linn,, of which there are numerous 
varieties. The plant is indigenous to India, but is also cultivated 
extensivJly in vi.o United States, France, Italy, Algeria, etc. It 
grows wild in Formosa,-'’ and the oil is for the most part wasted; but 
in Java the plant is onltivatcd, and the export of castor oil is likely 
to become an important industi-y.-* Two varieties of the plant are 

' A good description of the olive "il mBcufacture in France, by U.S. Consul-' 
(leneral Skmnor, was publislicd in the CJum. Tradt. "ournal, xxxi, (1902), p, B, 

® Jmr. Sor. Chem. Inti., xvii. (1898), p. lOBB ; Analyst, xxiii, (1898), p. 284. 

’ Jour. Soc. Chem. Ind., xii, (1893), p. 769. 

* IMd., xiv. (189B), p. 321. 
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recognized by Indian cultivators, one small-seeded and the other 
large-seeded, llio oil ifoin the former is the most highly esteemed, 
and is chiefly used for medicinal purposes; it is expressed from the 
crushed seed without the aid of heat (‘ cold-drawn ’), and after careful 
refining hy heating with water is stuiw-yellowe to greenish-yellow in 
colour, and nearly odourless. The oil for lubricating and burning is 
mostly got from the large-seeded kind, and is expressed partly cold 
and partly hot. The crude oil is refined by boiling it with water ; 
soluble matters (starch, gum, etc.) an; dissoh’cd, and albumen is 
coagulated ; tlie oil is then clarified by filtering or settling. In India 
an ancient process, which still survives, consists of first )'oasting the 
seeds to coagulate albuminous maltoi-s and facilitate the extraction 
of the oil, subsequently crushing, boiling with water, and skimming 
off the oil which rises to the surface;. Oil thus obUiined is often 
very dark in colour, and odorous. It is sometimes c.xported in this 
condition, at others it is bleached by cxjjosurc to the sun, treated 
with charcoal, and filtered through flannel or p.aper.’ 

Castor oil (;onsists m.ainly of triricinolciu, the glycci-idc of tw’o 
isomeric hydroxylated acids, ricinoleie and isoricinolcie (CjjlI^jO.j). 
.Small (piautities of tristearin Jind of the glyceride of dihydroxystcaric 
acid (Cj,,H-| Oj) arc also pre .cut, but ]»lmitiu and olein arc absent. 

Castor oil, in very cold weather, is liable to deposit a solid fat, but 
it congeals only at very low tcm])cniturc^. It docs not readily dry 
on exixisurc to the air, but turns riiueid ox'idation. 

Owing to its peculiar eom])ositiou, castor oil sliffers remarkably in 
SWjyid’iity.froni most fixed oils. Thus, it is eiisily soluble in .alcohol 
(other oils being but s})aringly soluble), and it is .almost insoluble in 
petroleum spirit and in mineral burning .and lubricating oils (in which 
other fixed oils are easily sohiblc). The ready solubility of castor oil 
in alcohol h.as been made the b.asis of a vahuible test for the presence 
of adult(ii'.ants in this oil (see p. .‘119). 

The limited extent to which ciistor oil and mineral oils are mutually 
soluble is of importance in the preparation of mixed lubricants 
containing the former. At .59° 1C (15° C.) castor oil is practically 
insoluble in petroleum spirit and in burning oil. In Scotch 

ihale oil, at the same tempcriiture, it dissolves to the extent of 
iboiit I-l^ per cent. ; ‘890’ shale oil dissolves about 2 -21 per cent, 
cf it; and ‘907/12’ American mineral oil dissolves rather more. 
Therefore, at the ordinary temperature, castor nil is very sparingly 
soluble in mineral oils ; the solubility is greater thp more djtue and 
ziscous the mineral oil; it increases with rise of temperature and 
liminishcs as the temperature falls.^ 

Oil tlieother hand, castor oil is able to dissolve miner,al spirit mid 
niiieral oils in projiortions which decrease as the .sp. gr. of the 

* Sor. Chem, (18113), p. 770. t 

' By heating castor oil in an autoclave to 260”-300° C. under a pressure of four 
0 six atmosphere^ for about ten hours, it is said to become miscibh. with mineral 
il in any proportion. Eng. Pat; 24933 of 1906. 
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mineral oil inore.iscs. The following table shown the inaxinuim 
volunioa whioh wore found to give ii clour solution at; .oh” K. (15° C.) 
with 10 c.c. of ])urc castor oil. 


Tabi.k XXIIT. 




Mii.Yiitnmi Volume 

.Mineral Oil Employed. 

Sp. «r. 
at (H)* ¥■ 

miRcl)>lo with 10 o c. 
of pure Oastor Oil 



at 60“ K. 

Mineral f]H'trolomn) fipirit, . 

0-692 

9-2 c.e. 

‘ White Kok» ’ petruleurn, 

0-788 

r>-5 c.c. 

Scotch shale oil, . . . . 

0-865 

3-7 c.c. 

n ■ 

0-890 

2-45 C.C. 

American pak* mineral oil, . 

0-9()7 <J-912 

1*7 c.c. 

_ _— 

- - 



Although pure castor oil ahuo.st refuses U) mix willi mineral 
lubricating oil, tlie difficulty entirely disap[)earB if a third oil such as 
i-apo, tallow, or lard oil is present, a clear mi.vturc of the three being 
readily obtained. I’lp-c castor oil mixes with rclined rosin oil in all 
proi)ortioiis. 

Palm Oil. — Palm oil or fat, which is used to a limited extent for 
making railway wagon greiise, is ohtainexl from the fleshy covering 
(mesocarp) of the fruit of the oihjKilms, Klai-^ ijuiwunain and K, 
/iiflatiomiTa, which flouri.sh in West Afriisi. The fruit is gathered 
by the natives aud stored in holes in tlie ground until t' ' ^v", 

become sufp.med by deoomjjositioii; it is then {wunded, .■iiid after the 
kernels have beim separated the pulp is lieated with water until the 
oil begins to e.xude; it is then sipicezed hi rough nets, and the oil 
whioh runs out, mixed witli more or loss fibre, dirt and water, is 
collected, and forms the jialm oil of eimimerce. It is no' .surprising 
that tlie fat prepared in tliis crude fasliion is iimeli decomposed, and 
consists, always largely, often chiefly, of free fatty acid. It is on that 
aecoLuit a most unsnitiihle material for making iiihrieating grease. 
•According to de Kchopj er and (icitel,' the most neutral brands are 
the following: hagos, Loando, Old Calabar, Cold Coast, Sherboro, 
and Cahoon. The percentage of neutral fat ranges from 5S -68 per 
.cent, in the first-named to 70-93 per cent, in the last-named brani 

I’alm oil is, at ordinary tomperatiires, a soft fat melting at 80°-97° 
F., wholf fairly ri'di in neutral fat; the prcseiuai of much free fatty acid 
may, however, nihse the melting-point to 108°-109' F. The chief 
constituents are tree palmitic acid, palmitin and olein, with small 
'piantities of litioloiii, stearin, airl .another fat. The colour /aries from 
y<‘llow to deep red. Tlie odour of the fresh fat is pleasant and quite 
cuaracteristic. 

Palm iJut Oil. -Palm-kernels contain an oil or soft fat which is 
quite different from palm oil. In chemical composition and char- 
> Dingl, Folyt. Jour. 74i, 2B5. 
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actors it clcksely rcsemblos coconut oil, liaving an exceptionally high 
saponitiiaition value (24'l|)er cent.) and a very low iodine value 
(10-17'5 per cent.). It does not appciir to he used as a lubricant. 

Coconut Oil.-—tioconut oil is obtiiined from the white pulp of the 
coimuou coconut, the seed of tl.e coconut palm Uocon nurifera, 
which flourishes abundantly in the tropical I’acitic isiSands, the West 
Indies, tropica] America, etc. The oil is obbiincd eitlier by expression 
from the more fjr loss docomjHised pulp (native mothod), or by 
expression and extraction with a solvent from the dried pulp (‘ copra’) 
which is inqiortod into lCuro])c for the ])nr])Osc. The chief n,se of 
the oil is for candle and soap-making, but, according to Huisit, it is 
used as a lubricant for liglit-running machinery in India, and in this 
country ncutrid cocomit oleine is employed in admixture with mineral 
oil as a lubricant for sjiindlcs, looms and other machinery. A brief 
dc.scription of the oil is thcrcfoi'c necessary. 

(lonnnci-cial coconut oil is at ordinary temperatures in this country 
a soft white fat, melting to a limpid oil at F. It easily turns 

rancid, and usually contains a more or less considerable (piantitv of 
free fatty acids, ranging from 5 per cent, to as much as 2h per cent., 
according to Ijcwliowiisch. It docs not, therefore, possess the 
properties of a desirable lubricant. (iiTconut oil has a complex and 
unusual composition, consisting largely of the glycerides of lauric and 
myristie aci<ls, with some palmitic and olo^'hind a notable proportion 
of volatile acids, caproic, cjiprylie, and oa]iric; conscspiently, it differs 
remarkably fi-om all oils and fats except palm-nut oil, which it very 
g ioow l r ^i. *i3iblcs. 

Ben Oil.'—lien or behen oil is ex])rcsscd from the seeds or nuts of 
Mnringa amt M. apli'ra, trees which are natives of 

Kgypt, Arabia, Syria, and the East Indies, and which have been 
cultivated for many years in tropical .America. Tlie first-pressed oil is 
white or pale yellow in colour, odourlcs.s, and has a sweetish flavour. 
By stronger pressing, a darker coloured oil is obtained, having a bitter 
and somewhat sharp taste. Ben oil is .said not to lajcome rancid by 
long exposure to the air. ft is fluid a.t 20“ somcwh,at viscid at 
15° C., begins to deposit a solid fat at 7“ C..'and solidifies at 0" C. It 
contains the glycerides of stearic, |)almitic, behcnic and oleic acids. 
That portion of the oil which remains fluid at 7° U. is used for the 
lubri(!ation of delicate mechanism, including watches. 

Hazel-nut Oil.* - This oil is obtained from the seeds or nuts of 
Gorylw An'ltana, the cominoi. hazel. The nuts are<known aAfilberts, 
cobs, liarcelona nuts, etc. They contain 50.to 60 p-jr cent, of a golden- 
yellow coloured oil, which is used to some extent as a liii);„5ant for 
delicate mfechauism. The oil has a c^iaracteristic wlonr, and aocord- 
eng to Hanns {Zeits.f. Untersncli. Nahr. «. Ganunsmittnl, 1S99, ii. (8), 
617) it is composed of glycerides*of oleic, palmitic, and stearic 
acids. 

Tb11ow.i —TaUow is the fat of certain ruminant animals, separated 

^ See Sobae(iler,« Ttchiplotfie der FeUe und Ode. 
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from the enveloping, nicinbratic of the tissue by the process* ol 
melting or ‘ rendering.’ Ueef tallow is obtained *'roni oxen, muttoi: 
tallow from ranns, ewes, bucks, aud she-goats. 

I’he rendering of the fat on a small scale is effected by heating the 
tisBUi?, either aiono or with the luldition of water, in an ojien pan ovei 
a fire, oontinua'ly stirring to prevent burning, until the menibraiu 
has shrunk together and can be strained off; preferably, the pan ii 
heated by moans of a steam-jiU’kot, which admits of more jierfeel 
control of the temperature. On a larger scale, a more completi 
separation of the fat from the tissue is effected by healing the latto) 
in strong closed digcsteia, into wliieh live steam under a pressure o 
.'50—70 lbs. ]ier square inch is admitted, and the liberated oil whiol 
rises to the surface of the condensed water is drawn off through i 
cock. Another method consists in lioiliug the fatty tissue in opci 
vessels with water containing sulphuric acid or caustic .sod.a, b_) 
either of wliich tlie nitrogenous membrane of the cell walls is chemi 
cally broken down and the fat libeiated. The use of sulphuric acit 
would be objectioimble in rendering tallow intended for lubricating 
because it causes partial hydrolysis of the glyceiides and incrcasci 
the pro[)ortion of free fatty acids; but the employment of ciiiustii 
soda, which nciitralii'a's .and dissolves the fatty acids, would b( 
.advantageous. In rendering tollow for lubrication, the main point) 
to be attended to iire to use only fresh fat, which has not h.ad 
to undergo decomposition, and to remove, by settling .and straining 
all water and fragments of membrane which, by Bubsequent dfeom 
position, might cause the residting tallow to develop acid'V.v 

Neutral tallow was, until recently, nelicvcd to eo.isist almosi 
exclusively of the simple glycerides stearin, qralmitin, and olein, anc 
to be softer in proportion to the amount of olein co.itained in it. Tin 
presence of several mixed glycerides has, however, now been proved 
and traces of Unolie aud liuolenic acids are said to have b -cn detected 
The relative proportions of stearin, [lidmitin, and olein in tallov 
vary according to the nature of the animal, its sex, breed, age, food 
and the part of the body from which the fat is taken. The fat fron 
the male is usually harder than that from the fctn.ale, and muttoi 
tallow is, as a rule, harder than beef tallow ; but, taking the average 
the proportion of olein in tallow is about 46 per cent., and tin 
remainder consists chiefly of stearin and jialmitin in about equa 
liroportions. 

Of rtie variovs descriptions of tallow (llussian, North Amerioai 
beef. South Anicrioan beef, Australian beef, Australian mutton 
home refined, etc.), average South American beef is usually the leas 
acid (see p. 21;!) and, tborefere, the beat adapted foi* lubricatioi 
and for general application to metal; hut there is no reason wli; 
preference should be given to*any jjartiouj/m brand, if the results o 
chemical and physical tests prove the tmlow to be genuine am 
of good quality. 

Tallow Oil. —Tallow at the or^narjj temperatuA of, say, 60*-80 
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F. "is ,a moflliaiiidal of solid and fluid fate, in which Ihe foriucr 

predominate to a'suttieieiit extent to give the appearance of solidity 
to tlio whole. If subjected to pressure, tlie fluid portion can he 
squeezed out, and is known as ‘■talltm oil’ or ^fallow ohiine.’•, the 
solid j)russ-c.ake forms ‘tallow Ktearino,' and is used in the caudle 
manufacture. The seqiaration is facilitated by allowing the melted 
tallow to cool very slowly, without disturbance, in large tubs at a 
tempenitui'c of T0"-80° K.; the erystidliziition of th(! solid portion 
then takes place in small granular particles resembling seeds, whence 
the process is known teelinieally as ‘seeding.’ Some of the dhiid 
portion drains through coarse fltimiel cloth phuted upon perforated 
diaphragms nettr the bottoms of the tubs, the remainder is obtained 
by subjecting the semi-solid residue to pressure in canvas btigs, as in 
the manufacture of lard oil (</.<’.). 

I’allow oil difl'ers, ther<;fore, from tallow chiefly in the [troportion of 
olein which it contains, and tliis proportion, and thorerore the setting- 
point and some other characters, such as the iodine value, must vary 
according to the temperature at which the oil has been expressed. 

'Tallow oil, as a lubricant, is used chiefly for mixing with mineral 
oils. 

Lard Oil.—Jjard oil, expressed front rendorod pig’s fat or lard, is 
prepared in a similar mtinncr to tellow oil. 'riic more or less chilled 
lard is placed in close-textured xvoollen^ags biitwecu wickerwork, 
and is subjected to moderate but long-continued hydraulic pressure 
(about 10 cwts per scpiare inch for eighteen houi's). As in the case of 
■talitw' o*h 'ibc solidifying-point and other characters of the oil depend 
upon the temperature at which it has been expressed, w'inter pressed 
lard oil containing less of the solid constituents of the lard than that 
expressed in warmer weather. 

Prime lard oil is a nearly colourless, pde yellow or greenish 
coloured oil, highly esteemed as a lubrici«nt, and consisting of olein 
with x'ariable proj)ortions of stearin and palmitin. 'The viscosity is 
the same as that of olive oil. The setting-point may vary from 
about 40° F. (4'4° (1) to several degrees l)eiow the free/iug-point of 
water. • 

Neatsfoot Oil.—Neatsfoot oil is obtained by boiling the feet and 
hocks of oxen with water. The feet are first skinned ' and slit 
longitudinally with a knife, which is passed between the sections of 
the hoof and coiitiuued between the long bones. A small mass of fat 
found near the hoof is scooped out with the knife a«id set afjart for 
the preparation of the best quality of oil (sec bslow), 'Fhe hoofs 
are washed in cold water, and then boiled with water in open pans 
over a flre f the oil whieii rises to the surface of the water is skimmed 
off, and forms au inferior grade of neatstoot oil. After about three 
hours’ boiling, the tissuei^Uetween the tiorny hoof and tne last digit 
bone are suffloiently softened to allow of the latter being easily scooped 
out of tlie hoo^ with a knife. 'Tbese ‘cores,’ consisting of bone, 
' Spou’8^ic|H/i;^a)^, vol. iv. p. 1888. 
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gelatinous matter, and.fat, together with tlie smal! mass oE fat fonlid 
near the hoof referred to aliovo as being sejKirated iitfore boiling, are 
put into a separate pan of fresh water and boiluti together for the 
extraction of the best kind of ueatefoot oil. Ten neat’s feet yield 
from 'I to pints of a pale yellow, nearly odourless oil, which, on 
standing in a cold place, deposits a solid fat. The portion which 
remains fluid at a low temperature is used as a lubricant for clocks. 
Noatsfoot oil was formerly much esteemed and largely emjiloyed as 
a lubricant for engines and heavy machinery ; it is now used, like 
lard mid tallow oils, chiefly for mixing with mineral lubricating oils. 
The extensive demand for noatsfoot oil in tlio leather trade has 
probably diminished its employment as a lubricant. 

Whale Oil.—Whale oil proper is obtained from the blubber of the 
Greenland or Arctic ‘riglit’ wlialc, liahma nii/stiretits; Imt com¬ 
mercial wlialc oil includes the oil from the Southern right whale, 
Balwtia AuMraLis, and various other sfiecios of Buhvna and BakitnojJera 
(lin-liaclvcd whales) belonging to the trilie of Balamrriiha or whale- 
hono-jdelding whales. 

The oil wliich naturally exudes from tlie blubber of tliese animals, 
.and which is also obtained by' lieatiiig it with water, is mainly 
glyceridic in character, and may be distinguished at once from the 
sperm oils by its high specific gravity (.above O'OID), and by yielding 
less than d per cent, of iniHa])onifiahlo matter. Whale oil even of the 
best (juality lias marked drying properties, and i.s not fit for use as a 
lubricant; it is said to be used to some extent for mixing with 
mineral lubricating oil. 

Sperm Oil. Arctic Sperm (Bottlenose) Oil.--These oils, obtained 
from two dill'crent kinds (genera) of wlialc belonging to the family 
Phys'deridiv (toothed whales possessing no functional tectli in the 
upper jaw) are so similar in composition and general cliaracters 
lliat they may conveniently he described togetlicr. Tr m sperm or 
‘ Sontlicni sperm ’ oil is obtained from the liead-eavities and blubber 
of the Cachalot or groat Sperm wliale, Physeter maa'ueeplialua 
(sub-family, PhysHn-intti), formerly found in all seas up to 70° 
northern and sonlhcrn latitudes, hut now more scarce, aud con¬ 
fined chiefly to tlie I’acific and Indian oceans. Arctic sperm or, 
bottlenose oil is obtained from tlio mucli smaller Bottlenose whale, 
Hypei'ijodon roslriiluji (sub-family, Hhyncliordi), which is caught 
lirincipally in the Arctic seas between Iceland and Spitzbergen. 
Both ofnde oils, .contain sporm.aceti—sperm oil mnoh more than 
bottle-noso—which crystallizes out on cooling; it is separated by 
straining the oil througli bags, and is used for the manufacture of 
sperm candles. Sperm oil is, therefore, liable to doposiUspermacoti 
unless it has been bagged at a very low temperature. Allen states 
that practically tlio whole of tho spermaceti is deposited by cooling 
the oil to 4“ C. (39-2° F.). * 

Neither sperm nor bottlenose oils contain glycerides; they consist 
.entirely of the esters of uiono-hjdric,alcohola, atHi are, therefore, 
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ch'emiuallj' classed as fluid waxes. According, to Lewkowitsoh,’ the 
nature both of'the aldohola and of the fatty acids is at present 
unknown. 

Sperm oil is pale yellow in colour, and when of good quality has 
only a faint odour. ITiirefined Arctic sperm oil is usually daf-ker in 
colour than Southern sperm oil, and has a more or less unpleasant 
odour and flavour, but the deodorized Arctic sperm oil of eommorco 
closely roseinblos Soutluirn sperm oil. 

The low viscosity of the sperm oils at 00° F. distinguishes them 
from many other fixed oils. With rise of temperature bot^i oils 
maintain tlioir viscosity better than other fixed lubricating oils ; this 
is shown by the following scries of ratios, which have boon calculated 
from the results in Table XXXIV. (pp. 162-165). 

Taulk XXIV. —Ratios of Viscosity of Stbiim, Olivb, and 
Rape Oils. 


Oil. 

G(r F. 

1 lou- F. 1 

lf.O' h\ 

212‘ F. 



Compamlive tiiuee of Efflux. 


Spenii, . 

100 

! 46-5 ! 

X 

18-1 

Olive, .... 

100 

3Bi! 

17-3 

00 

Ra])(.*, .... 

100 

pi-4 

17-6 

0-8 



Comparative Viscosities. 


operni, .... 

100 

44T) 

20-2 

11-0 

Olive, .... 

100 

, :i7-4 

h-i-S 

6-9 

Rape. 

100 

! 37-7 

l,')-8 

7-2 


Porpoise Jaw Oil; Dolphin (Blackfish) Jaw Oil and ‘ Melon ’ Oil. 
—These very similar and remarkable oils are obtained from the soft 
fat of the head and jaw of two marine animals belonging to the family 
' Delphiniila, viz.;—the common porpoise, Delpldnus phwoina, and 
the Vjottlenose dolphin, Jielphinius gloldceps. The fat is first washed 
.in fresh water, then put into covered tins and heated for several 
hours in a closed digester with steam under the pressure of about 
ten pounds per square inch. The tins arc then opened, and the 
liberated oil is poured off from the coagidatcd membrane and washed 
with water. It is then exposed to a low temperatur|, and thtf portion 
which remains fluid is separated. Thi'i oil, carefully strained to 
remove all solid fat, is a straw-yellow, limpid liquid It is specially 
prepared in the United States for J.ubricating watches and other 
delicate mechanism, and commands a very high price. Chemically, 
■ It consists largely of the gjycerides of valeric and other volatile fatty 
acids of the acetic series.* * 

‘ Melon Oil ’ derives its name from the shape of the mass of fat 
’ Ataly/Us ofjyils,^lr,., third editiou, pp. 866--867. 
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taken from the head of the doljdiin, reachinc; from the spout-holo to 
the end of the nose, and from the top of the fieau to the upper jaw. 
Wlicn tiikon off in one piece it has the shajic of a lialf water-melon, 
wcighj about 2.5 pounds, and yields about (5 quarts of oil. 

Specimens of these oils, and of the cnide oils from whicdi they are 
ohtaiiu'ii, liavc Ween o-TOmined by Moore,* with the following results: — 


Tahlis XXV.-Puoi'isnTiEs op Poktoise anu Dolphin Jaw Oils. 



lif.Hfription <tf Oil. 

Sajioni- 

fleutiot) 

Value 

■ 

Uehiier 

Value 

Total 
Vulatik* 
Fatty 
Acids as 
Valerio 
Acid 

- 

Koifhert 
Value, 
c.e. re- 
({Uired by 
griDB. 

Jodnic 

Value 


P()r 2 )oi«i.* jaw oil, .skinunetl 
aiifl strame.d. 

2!)-37 

7-2-05 

19-91 

47'77 

49-6 

2 

P()rpt»is(3 jaw oil, skiiiiincd 
and sti’ainod. 

27-23 

(i8-41 

24-30 

56-00 

,30-9 

3 

Dolpliiii jaw oil, .«kiiuTiicd 
and .sf,rained. 

29-00 

66-28 

28-17 

65-92 

32-8 

4 

Porpoiae jaw oil, un¬ 
strained. 

14-39 

96-.50 

!-(i4 

2-08 

70-8 

_ 

Dolphin body oil. 

19-73 

93-07 

2 71 

5-60 

_ 

99-5 


A sample of porpoise jaw oil examined by SteinlnlSTT Imd a 
Reichert-Meissl value of 131-6. 

A small sample laholled ' ISuperJiue Watch Oil,’ niaimfaetured by 
Ezra Kelley of New llradford, Mass., obtained from a Dei by watch¬ 
maker, had a pale ooldcn-yellow colour, a sickly odour, and gave the 
following results:— 

Sp. gr. at fi(J° 0-930. 

( Thicker than sperm oik Comparative 
runnings from a 5 O.C. pi2)elte showetl 
the viscosity to he about I'S times that 
I of sjierm oil; —about 0-55 in alisolute 
I measure. 

Boichorl-Meis.'sl value, llS'l. 

Unsaponifiahle matter, 10-6%. (Easily soluble in 90 per cent, alcohol, and 
• rescinhlmg in appearance tlie wax alcohols 

of sjieriu oil.) 


C.— ‘BLOWN’ or. THICKENED OILS. 

These are fixed oils, UBnally.i-a25e or cottonseed, artificially thick¬ 
ened by iP process of limited oxidation, rvhicfi consists in forcing a 
current of air through the heated oil. The oil, contained in a tall 

‘ Jour. Amer, Ohem. Noo, xi. (1889), p. 166. 
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oyliiKlriua.1 iron j'esacl, ia first r-aised to a temperature of about 
170° F. by a steam-coil. Air is then blown tlirmigh it in streams of 
bubbles, at first cautiously, to avoid too rapid a rise of tcmjverature 
and frothing over of the eontoiits of the vessel, afterwards^ more 
vigorously until the ri'<|uirefl viscosity is attained. Steam is shut 
off before conimencing to blow air, as, by the process of oxidation, 
sufficient heat is evolved not only to maintain but to raise the tempera¬ 
ture of the oil, and, in order to avoid too great a rise of temperature, 
provision should bo made for picssing, if neoe.ssiiry, a cviri'ent of 
cold water through the steam-coil. Veiteh Wilson states' that the 
tempeniture is usually allowed to rise to from 200“ F. to 2.50“ F., 
according to whether the (piality of the product or the time occupied 
in the process is of the greater im])ortance ; the time may thus \ ary 
from eighteen to forty-eight' Inairs. Very irritating vapours, con¬ 
taining acetic and acrylic acids, arc given oil during the procc.ss, and 
are conveyed away by a pipe in the cover of the vessel. 

Oils thus treated in(!roa.se in density as well as in viscosity, and the 
blowing is continued until the desired specific gravity is attained. 
According to Vcitcli Wilson, the blown oils produced comnierciidlj 
for lubrication range in specific gravity fi-oni O'fi.fiS to 0'98.5 at 60' 
F., iind their viscosity at 180° F. Ringes fi-om that of castor oil at 
60° F. to about four or five times that ^-castor oil. .lenkins statei- 
that bhnvn oil of sp. gr. O'OTf) at 60° F.^vbich is largcdy used, has a1 
140° F. about double the xdscosity of rape oil at 60° F., and aboul 
ten times that of rape oil at 140° F. 

lllowTrdtls have a chariicteristie nauseous odour. Though sparingly 
soluble in alcohol, they are .somewhat more .-iolublc than the untreated 
oils, and they readily dissolve in peti-oleum spirit. They do not mix 
with mineral lubricating oils in all proportions, a certain minimun: 
amount (usually 20-30 per cent.) of blown oil being neccBsary t( 
give a clear solution; this minimum is greater the lower the 
temperature, so that a mixture which is clear when warm may 
separate on (iooling, and it varies according to the specific gravity and 
origin both of the mineral oil and of the blown oil. 

The nature of the chemical changes 'which '>ccur during the 
blowing process h.is been studied by Fox and Baynes,^ Thomson and 
Ballantyne,® and Lcwkowitach,'' but is still imperfectly understood, 
Hydroxylated compounds are formed, the acetyl value of the oil 
largely increases, and the iodine value diminishes, (llyecridcs ol 
insoluble fatty acids become largely converted into glycerides ol 
soluble, chiefly non-volatile acid.s and tlie saponificaition \ .il"c of the oil 
is increased. There is an increase of 11 to 2 per cent, in the free fatty 
acids, but the percentage of imsSpoiiifiable matters is not niucli 
'clianged. The evolution of 'mat in Maumenc’s tes' is also much 
iiic'-e.ascd.' Tlie mixed*«tty adds from blown oi's arc largely oxidized 

Cari«nter ai.d Leask, Smit, tiiSaVc.v, Lubriainis, etc., pp. 2o8-272. 

- Anaij/st, xii. fl8?7), n. 33. Jimr. Soc. CTwm.. Inil., xi. (1882), p. 806. 

* Analyst, xxiv. (1899), p. 32S; xxxii. (1902), p. 139. 
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acids insoluble in petroleum ether, and are .also found to contai* 
lactones. Jenkins finds tliat the melting-iioint of the mixed fatty acidi 
generally remains suffieicntly near that of the acids from the o'rigina 
ml to indicate the nature of the latter. The results in Table XXVI 
Thomson and IJallantvne, and those in Tabic 
.XXVIA. by Lewkviwitsoh. 


Iaiiue XXVI. (Ihkmicai, (Ihancies phoduceh by Blowin'g. 
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j 131U 

14*23 

IiiBoluliIe ucitls (llehner 
value), 

04 *7(5 


&t)-04 

82*4t> 

84-07 



Soluble iion-volatile ucids. 

Soluble volatile acids. 

1 o-.'i:' -j 


0-20 

0*82 

11*115 

1*90 

5) *00 

l-!)4 



Iodine value. 

10fJ*& 

8^-4 

01*2 

me 

r.t5-4 

S2 1 

67-1 

Sjteclllc tciiipeiaturt; ro- 

ICA 







action, 








UuBapoiiiflalde matt* r, 

1 

1 

1 


0*7(i 

■2W 

■•1)0 

30-32 

34-a.T 

h'atln Ar.id». 








Iodine value of iuaulubk 
acids, 

i 


(>0*b 

70-2 

f>2-7 



ilolecuIuT weigiit of in¬ 
soluble acids. 

.. 1 


327 

:n7 

200 



Molecular weight of aoluble 

1 


241 





nuii'Vnlatite acids. 







Molecular weight of soluble 
volatile a('ids, 

1 


72 

70 

_ 

im 

_ 




The blown oils chiefly iirodueed for the manufacture of lubricants 
are Uowirnipo oil(tblo\vii ravison oil, blown mustard oil, and blown 
■jottoiiseed oil or ‘ lardine.' (lottonsced oil is the most easily thickened 
by blowing, hut the blown ^il is inferior as a lu})ricant to blown rape 
or mustard oils. Blown cottoiiscc*! oil is frequently more or l5ss turbid 
.lud deposits a sediment on standing. Blown cottonseed oil does not 
mix .so freely with luinoral oil alhlowii rapesct- mustard oil, and the 
miscibility of all oils bocon es less the morn they are blown Blown 
jUb mix more readily with Bnssian and Scotch than vutli American 
mineral oils. * 
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TaULK XXVlA.—CnARACTKl{.S OF CoMW KllDlAL IIlOWN Oll.S 



Per rent. 


i 


Kujie, 

0 51714 . 
1 


20-50 


i 


24-95 

0’20 

6-!!i 


M 

j U“0(>74t' 

■i-sst 

20*751 

05- 3 1 


3 7x*<t 





Eftst Itiduiii Uaiie 

; 0“90“J3 

li (52 

21-56 ; 

61-9 

82 16 

5 “(53 

20 74 

10-29 

•j-oo 

0-93 

K'UviBOji, 

' 0’9085 ‘ 

5-22 

19 83 j 

72-7 

WJ -52 ’ 

3-59 

-21-22 

8-84 

5-29 

1-23 

Cottonseed, 

: 0'B7“2“2 , 


21-37 ! 




26 45 

C-60 

4-85 


„ „ 

' 0-5)785 

4-70 

22-4(51 

i 

GTi'? 

82“59 

4-65 

29-39 

n-07 

6-43 

1-37 


' Insolulilc ill jietrolemn spirit. t CJripper. 


Blown oils in admixture with iniiiera! oils are verj largely used 
as lubricants; and for certiiin piirpui^, such .as the lubrication of 
marine engines, such mixtures apjHiiir to supply a distinct want. 
The mineral oils entering into their eomptisition arc usually those of 
low or moderate viscosity. Whether such mixtures are .as s\iit.ahlo 
for railwRy work as those produced by mixing mineral oils of greater 
viscosity with ordinary retiued vegttohlc or animal oils, such as rape 
oil or tallow oil, has never been sjitisfac.toril}' proved, so far as the 
authors are aware. JS'everthele.ss, it is a fact that some largo railway 
companies use one kind of mixture and some the other. 


U.- ROSIN Oil. 

Kosiii oil is the principal product of the destructive distillation of 
common rosin or colophony. The distillation is conducted in cast- 
iron stills heated by a lire below. The charge of rosin varies from 
3 to 10 tons. The first portion of the distillate, boiling between 80“ 
and 2.o0’ C. (176° and •183'’ K.) and amounting to about 3i* to C per 
cent, of the \yeight of the ro.siu, is a very complex, liin])i(i liquid, known 
as resin spirit, which is used for making varnish and I'oi' the adultera¬ 
tion of otl of turpoutine. This is followed, at a temporatiire above 
300“ C. (572° F.), by the rusiii oil, which, if the distillation be pushed, 
to dryness, may amoui. t to .S-b jwr ceftt. of the total products. About 
per cent. o.f water oonbainiug a little acetic acid passes over durmg 
the distillatiom and a considerable quantity of gas is given off, con¬ 
sisting of oxides of carbon* and^ydrocarbons of the ethylene series. 
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A residue remains in ttie still, consisting of eith^r pitch or coke, 
according to the stage at which the distillation is arrested. 

Crude rosin oil is a viscid liquid of more or less dark brown colour, 
with a strong, usually blue or violet, lliiorescence. It always con¬ 
tains a considerable proportion of rosin acids which liavc distilled over 
unchanged, lly heating to a temperature of 150° C. (002° !•'.) for three 
or four hours, the bust traces of sj)irit are removed, the oil loses from 1 
to 5 per cent, in weight, and acquires a green fluorescence, lly well 
boiling with water to e.Kpcl acetic acid, and redistilling once or twice 
from (^ii.stic soda, refined rosin oils are obtained, which are piilo in 
colour. The fluorescence or bloom is de.stroyed by ex|)o.sing the oil to 
the air and sunlight in shallow vessels, f)r by treatment with hydrogen 
pcro.xidc, nitro-najflithaknc, etc. 

(lominereial rosin oils usually range in specific gravity, according to 
Lewkowitsch, from about 0'96 to 0'99, but oils arc met with having 
a specific gravity .as high as TOl. Uosiii oils arc strongly dextro¬ 
rotatory, the rotation varying from .‘iO to 40 degrees or more in a 
100 mm. tube, Thc.se priq)erties, their ready solubility in acetone, 
and certain colour reactions, are made use of to distinguish rosin 
oils from mineral oils (see p. 295). 

llosin oils, when titmted w ith alcoholic potash, neutralize an amount 
of .alkali which vari(.‘S according to the quantity of nrain acids they 
contain. According to Lced.s,’ the crude oils neutralize from 2'8 to 
t'4 j)er cent, of potash (KOll), Imt by careful distillation or refining 
they c.an be obtained almost neutnd. Ustcrs or anhydrides arc also 
present, which do not neutralize alkali in the cold, but can he s.apoui- 
fied by boiling wii.h ])otash, .as in determining the saponification value 
(p. 221). The. rosin acid.s can be obtained from 'he soap solution, 
gravimetrically, by acidifying and .shaking with ether, after removing 
.the neutral rosin oil .as described in Chapter Vll., p. 224 Owing to 
the presence of rosin acids, commei'cial ro.sin oil has the property of 
combining with calcium hydroxide and other bases, forming ])ecnliar 
greasy hodie.s. This property is utilized in the manufacture of ronin 
i/yeoee (.see p. 129). 

The chemic,al compositien of rosin oil is not fully known. Accord¬ 
ing to llcnard,- the neutr.il oil, purified from acid substances by wash¬ 
ing with caustic .soda solut ion, consists to the extent of about 80 per 
cent, of (litmlienlhijl (C„|,I1.,„) bciling at .'U3"-346” (t (649°-6.'55° F.); 
.about 10 per cent, is (ktercl/enfhi/t^me (O^^Hj^), and about 10 per 
cent. Jijlikfue (O.^iWj,.). The hydroiairhon 0.2„H5(| obtained by Renard, 
when exposed to th» aii' in thin layers for five days, absorbed about 
one-tenth of its weight of o.,ygon, and dried to a varnish. 

Rosin oil is used as a lubiioaut for batching jute. It is ndt suitable 
"or the lubrication of machinery, but is used to adulterate mineral and 
other lubricating oils. The metHods for its ijq^ction arc given in the 
chapters following. 

' Jour. Sor. Cbevi. Ind. xi. (1892), p. .808.^ 

'- Jour. Chetii. iioc.^ 1^8, Alie., p. 161. 
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E.— ITTBBICAKTS CONTAINING SOAP. GEEASES. 

Soap-thickened Oils. —Mineral oils are sometimes artificially 
thiokoned by dis.solviiij' soap in tlieni. Aluininiuin soap is usually 
employed for this purpose. It is prepared by saponifying whale, 
oottoiiBOcd, or lard oil, or by neutralizing oommereial oleic acid, with 
caustic soda, and pouring tlio solution of soda soap, gradually, into a 
solution of common alum, stirring all the time. Crude aluminium 
oleate separates out as an insoluble, gummy precipitate, wjiieh is 
pressed free from water ami heated with about four times its weight of 
mineral oil until dissolved. The gelatinous material thus i)roduced 
is sold for thickening oils under the names ‘vinroiii,’ ‘oil-pu/p’ or 
‘ ' iiflatin,' etc, -A comparatively sm.all ipiantity melted 

into a mineral oil will considerably increase its apjiarent viscosity. 

Mineral oils thickened in this way can easily i)e recognized by the 
tendency to form threads when the oily cork is renioved from the 
bottle, and by their pectdiiir non-homogeneousap])earan(;(', resembling 
a mi.vture of oil and jollya The spurious viscosity rapidly diminishes 
when the oil is heated, '■chweit/.cr regiirds this addition to mineral 
oils as pure adulteration, and states that ex[)eriencc has shown that 
in contact with water and steam the j^miuiuui soap is precipitated 
and clogs the machinery. On the other hand, Bloode states that by 
the presence of aluminium soap the adherence of the lubricant to 
metal surface.s is much increased. 

Aluminium soap is not the only soap msed as a thickener. ,A 
.sample of thickened oil analysed by one of tlie authors had the 
following composition:— 


Riussian mineral oil (0'909), . 

. 97-08 

Neutial fixed oil, .... 

•.'iS 

Fatty acids a.s soa]), etc., 

1-97 

Ash, chiefly CaCOj, 

•12 


99-75 


In this ease, about 2 per cent, of lime soap was the thickener used. 
The Russian oil, freed from soap by washing with hydrochloric acid, 
had a viscosity at 60° F., about three times that of refined rape oil. 
The 2 per cent, of soap made it so viscid at 60° F. thai, it would not 
flow through the viscometer. The sample had the appearance of a 
non-homogeneous mixture of jelly and oil, and formed tlireads in 
dropping. ‘ 

Soap-tjiickened Greases. —Under this name may he included the 
various greases which oonsi.st of mhieral oil thickened with suffioient 
soap to form, at ordinary temperaturtjs, a consistent grease. The soaps 
usually employed for thfb purpose are lime, soda, or lead at>ap8, made 
with various fats and oils. T. .1. Redwood * has described in detail a 

‘ i!ulrrice,nls,.(^'.ls, and (rVc<«M,(SpoiO. 
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process of maimfactiiri^ig a grease of this ki.i4 froki mineral oil, horse 
fat, and lime, from which the following Ls abbleviatofl. 

The fat is melted in a steam-jacketed kettle provided with a 
moclianieal stirrer, and is raised to a tomiieraturo of about 180° F. 
Croam'of lime is then added in sutticicut quantity to saponify the fat, 
the cover is put on, and the whole is boiled and stirred until 
saponification is eoiuplelo and a little of the soap rubbed down in 
the palm of the liand e.\udcK only a few minute drops of water. A 
portion of the mineral oil, at a temperature of about 190° F., is then 
slowl^sprayed on to the soap in the kettle, and is thoroughly incor¬ 
porated with it by continual stirring; a further quantity of mineral 
oil is then s|irayod in eidd, until the desired consistency is reached. 
After continuing to stir for about half an hour longer, the still hot 
contents of the kettle are run off through a cooling pipe into a 
grinding mill, iii which all lumps are reduced and the grease is made 
of a uniform smooth conshsteney. It is thou packed in casks. 

liedwooil states that ‘nip’ greases are i.sually thickened with a 
soaj) made from either horse fat, cottonseed oil, o.' rape oil, saponified 
with lime as .above described. ‘ AVipfite ’ greases are tliickcncd with 
a soap made from tallow oil or lard oil and caustic soda, and often 
contain ncatsfoot oil, .lajiaii wax, liceswax, etc., in addition. The 
latter greases are paler in colour and firmer in consistency than those 
made with lime soap. They frequently contain excess of caustic soda, 
whiijh becomes converted into carlxiiiate of soda and is liable to cut 
the bearings. All these greases may lie scented with nitro-benzene, 
which is added when the grease is in the mill, for the jiurpose of 
disguising tile fat u.sed in making the grease; it serves no useful 
purpose, but is rather detrimental than otherwise. These greases may 
also contain .solid lubricants, euch as grajihite, talc, etc., or mere 
filling materials, such as barytes and chalk. The following are a few 
analyses of greases of this kind 

Table XXVII.— a. Lime Soap Okeases. (Axle (Ireases.) 



1. 

2 . 

3. 

4. 

5. 

Mineral oil (0-88,T-O-gi 2), . 

81-8 

72-5 

73-4 

72-0 

74-.') 

Fixed oil or fat, 



1-4 

OT) 

()-4 

Fai.ty aiihydrides,*. 

8-7 

11-1 

12-1 

17-C 

17-6 

Lime, . . . 

1-3 

1-ti 

2-G 

1-9 

1-5 

Water, by difference, 

8*2 

# 

14-9 

10-.5 

8-0 

0 

0-1* 

• 

wo-o 

100-0* 

.po-0 

100-0 

100-1 


Peterraineii. 
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l >. Soda Soap Greasks, 



1. 1 

o 

i 3. 

Mineral oil (0'88G-0'S99), 

I..5-00 1 

70-9.3 

j 42-81 

Fixed oil or fat, 

8-97 

•2-02 

34-38 

Soda soap (anhydrou.s), . 

1611 

9-30 

! 16-37 

Sodium silicaUf, 


C-10 

1 4-76 

Sodinin carbonate,. 

:!-l9 1 



Sodium suljiliate, . 

1-67 i 



Witter, by <litr«rence, 

l.AOC 

11 -(i-) 

],-68 


100-00 

100-00 

i 100-00 


e . Lead Soap Grease. 


Mineral oil (0*000),. 

. 48-0 

Neutral fat, 

8-7 

Fatty acids, 

. 2-6 

Resin acids, 

. 9-9 

Lead oxide, 

. 3-0 

Lime, 

. 0-9 

Water, . 

. 27-2 

100-3 


Bailway Wagon Grease.—The yelloAV grease used in the axle- 
boxes of railway wagon.s is composed, usuall}', of tallow, palm oil, 
soap, and water. Lant Ciirj)eiiter sliites tiuit a gi'ease containing 
from T1 to ]'2 per cent, of soda has been found to give the be.st 
results. The tallow and palm oil are lieated to 180' K. (82° tt), and 
a solution of the carbonate of soda in tiie water heated to 200° F. 
(9.3'.5° C.) is allowed to flow into the melted oil; tin; whole is then 
well stirred together and run into large tubs to cool slowly. The 
following fornuila; for grease.s of this kind are said to have stood the 
test of snocessful experiment:— 


Taiii.e X.WIII.- Koumul.-e kor Eaii.way Wagon Grease. 


MiiterialB 

Summer. 

MeiUuni, 

VS'inter. 

Tallow,. 

22-0 

20*0 

18-0 

Palm oil. 

12-0 

l'2-O 

.2-0 

Sperm o[ colza oil,. 

I-O 

i-!> 

2-0 

Soda efystaks. 

V)-0 

6-0 

6-0 

Water, . _ , 

00-0 

i' 

61-6 

03-0 

- 


100-0 

100-0 

100-0 ' 
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The soda crystals (scjdium carbonate) in the abo7c fnrmulie would 
have the effect of neutralizing and forming a more or less perfect 
soap with the free fatty acids contained in the palm oil and tallow, 
but it would probably be better, instead of adding a fixed weight of 
sodium* carbonate, to .add sufficient caustic soda to neutralize the 
free acid actually present in the fat used. 

Soinotiines a mannf.-vetured soap made from palm oil is used ; 
thus, the grease used on the Midland Railw.ay was formerly made by 
dissolving G ewt. of palm soap in twice its weight of water, and 
adding to the soap .solution G cwt. of tallow and 2 owt. of palm oil. 
The weli-stirred mixture was run into shallow iron pans, in which it 
was stirred with wooden paddles until sot. The p,alm oil is now 
replaced by a dark mineral oil, the process of manufacture remaining 
in other res])ccts the same. The following is the percentage com¬ 
position of this grease, allowing per cent, for loss by evaporation 
of water during manufacture :— 

'fallow,.23-3 

Tabu oil or mineral oil, ... .‘ . 7'B 

llry SOU]!,. 16'3 

Water, . .... . ,')2'0 

]() 0-0 

In an experiment made on the Great Western Railw.ay in 186.5, 
under the direction of Mr. Clayton, late Carriage and Wagon .Super¬ 
intendent of the -Midland Railway, a train of passenger carriages 
lubricated with axle-grease ran 4999 miles in four weeks without 
rejilenishing the axle-boxes, and at the end of that time about 
66 lbs. of greas<! had been used. This quantity was equivalent to 
21 ounces of grease per 100 miles for the whole train, or .3i ounces 
for each carriage, or less than 1 ounce of grease per axle-box per 
100 train miles. 

A good wagon-axle grc.ase should melt at 100“-110“ F., without 
separating. Cup greases which melt at higher temperatures, and 
from which the mineral oil .separates and leaves the soap, are 
unsuitable for railway wp.gons. 

Wagon grease is sometimes adnlterateil with china clay. A sample 
examined hy one of the authors contained 

Fatty matter and soa}-,.20'B 

China clay,.19-3 

• Water,.fl9'9 

1000 

Resides being a poor lubricant, this grease (xr.ised troul’e through 
the china clay accumulating in the boxes. 

Bosin Grease.— Rosin grea e is made by stirring together rosin 
oil and slaked lime. One method of preparation consists in stirring 
the rosin oil with about three-fourths of its weight of slaked lime 
made into a cream with water. The mixture rapWly solidifies, ex- 
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pelliiig the Biiperfliioiis water, which is run, off, and tlie grease is 
tliL ‘11 diluted liy'gradualiy stirring in a further (piautity of nil, until 
the desired consistcuey is attained. The oil used for diluting may 
be rosin oil, petroleum, or neutral coal-tar oil (‘grease oil’), (rrease 
is also wade by iui.xing dry slaked lime with rosin oil, withoul water, 
also by mixing the lime with luinenil or eo,al-tar oil, and adding the 
rosin oil afterwards, liarytos, gypsum, whiting, and other tilling 
materials are also sometimes iiddefl. 

I .1. Iledwood describes tlu! following method of making a ‘sd ’ or 
axle-groasc from rosin oil and miuenil oilDry sifted .slaked lime 
and twice its weight of mineral oil arc thoroughly stirred toge.ther 
for several hours, until a perfectly uniform mixture is produced. A 
certain (juantity of this preirarud lii|uid, calUxl the ‘lime ])art,' is run 
into .a barrel or other receptacle, and, whilst being vigorously stirred 
by mi'ans of a perforated metal disc atUiehcd to .a handle, which is 
worked up and down in the barrel, the rosin oil or ‘set’ is quickly 
rim in, and the whole is stirred for a few seconds aud then allowed 
to remain at perfect rest until thoroughly sot, which will take place 
in from five to fifteen minutes. 

Tlie formation of rosin grease has. been attributed to a supposed 
property possessed by the unsatiiratcd hydrocarbons contained in 
rosin oil of comhining directly with lime and other bases. This, 
howe\er, is not the time cxiilanation.^flrudc rosin oil invariably 
contains a considerable jiercentage of rosin acids (undecomposed 
colo]ihouy), which have distilled over with the hydrocarbons, and it 
is tlie conibinatiou of these acids with the lime, forming a soap when 
tlie rosin oil aud the lime .are stirreil together, wliich is the real cause 
of the formation of rosin grease. Uetined rosin oil, which has been 
freed from ro,sin acids, is incapable of forming a grease with lime; 
on the otlicr hand, tlie larger the percentage of ro-iin acids contained 
in the crude rosin oil, the .stiffer the grease which can be formed.' 

llosin greases are used to lubricate the iron axles of colliery trucks 
and ordinary road vehicles. They are not suitable for Iirass bearings, 
on account of the rapidity witli whieli the grease acelipps under the 
intlueneo of heat and friction." The composition of rosin grease is 
sliown by the following analyses :— 


Ilyclrocarboii oil (O-Qfit),. . 87'7 

Rosin,. . 3'7 

Slaked lime (Oa(OH)i,), .... fi'-l 

Water, by difference,.2-2' 

'■ Kio'b 

■•Hydrocarbon oil (0-962),. ^ . . . 86-6 

Rosin,.7'0 

Slaked lime (Cu(OH y, . i. . , 4'.5 

Water, etc,, . l-9r- 


lUO-0 

' Archbutt, Jour. floe. Cfem. Ind., xi. (1901), [i. 1193. 
"‘•jMilla, Deslrttctivc Did-tllution, p. 98. 


» < 
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* 

Even msin grcas,e i.s adulterated. One ol the authors once 
examined a grease of this kind, sold for hihrieating colliery trams, 
vvhioh contained ncitrly .'50 (>er cent, of caleinm .sulphate .and 25 per 
cent, of water. 

Sci%wing and Sillling Liquids.—The liquid used for lubricating 
cutting tools is usually a solution in water of soft soap and soda. 
The liipiid used at one works is made by boiling in 100 gallons of 
water ld'5 pounds of soda and 15'5 pounds of soft soa]). Another 
lubricant of this kind was found by analysis to he a solution of rosin 
soapAn rosin oil. It had the following composition :— 


Rosin oil, 

, 74 !) 

Rosin c'luids, 

, 23-5 

Soda (NiioO), . 

1 a 

Oxide of iron and lnm% . 

•1 


100-0 


Another liquid, wliich readily formed an emulsion with water, was 
composed of 


Mineral oil, 

. 54-2 

Kixed nil,. 

1-4 

Frt‘e fatty lacids. 

16-2 

Soda and aiiMHonia 

n-7 

Water, . ... 

. 16-.') 


100-0 


Hot-neck Gieases.—These greases arc frequently made from still 
residues, such as stearine pitch, wool pitch, minimi pitch from the 
distillation yf American crude petroleum, Russian mineral pitch or 
goudron, cither alone or mixed with heavy mineral lubricating oils, 
and tliiekened with rosin grease, soap, etc. (loal lar pitch and 
Trinidad pitch are also used. Some of the best hot-nock greases are 
composed of lieavy mineral lubricating oils thickened with soap. 



CII/\PTER VI. 


I’llY.SlOAI, I’liOl’EUTlBS AND METHODS OK EXAMINATION OK 
I.UBKIGANTS. 

A.— VISCOSITY AND VISCOMETRY. 

Tub ineaniiig of viscosity liaviiig l)eon explained and the subject 
discussed geucridly in Chapter 11., the methods of measuring the 
viscosities of oils iind other Ihiuid-s {‘I’inraweinj’) will alone he 
considered here. Various '.ucthods have been ])ropoBed, based ujion 
such observations as the rate of ascent of air-huhbles or hollow glass 
spheres in tin; liijuid the torsional vibration of a disc in its own 
plane when suspended bj'a wire and iimncrsed in the liquid;” the 
speed of rotation of paddle wheels, cylinders, etc., immersed in the 
li(pnd and kept in motion by a falling weight,'* etc., etc. I'he most 
aeeurate, and the most genenilly em])loyed method for exact work, is 
that of I’oisenille, in which the rate of flow of the liquid through a 
cajiillary tube under known conditions of temperature and jiressure 
is nH«isured. Foi' commercial jjnrjxjses the eonqiarative viscosities of 
lubricating oils are us\ially ascertiiined by measnri.ig and couqxiring 
the rates of dkseharge (‘ efflux velocities ’) of the oil and of some 
standard liquid from a .small orifice or jet; in the United States, 
however, Doolittle’s Tor.sion Viscometer is a good deal used. 

We shall commence with a description of the method of Toiseuille ; 
for although that method has not come into general use for com¬ 
mercial purposes, it has oecjisionally been thus employed, and we 
have used it for determining the viscositio.s of mixtures of glycerol 
and water from which the table on pp. 140-143 was constructed. 

Absolute Viscometry. ' 

Determinalion of Viseneity in AhnoluO; Meoi.ure .'*—i oisouille’s 
inethed of viscometry depends up.m the following facts, which he 
proved experimentally :—(1), that the rate of flow of liipiid through 

> Mills. Soo Ilcdwood, Petrolaim, liret <«1; .ion vol. ii. p. fil9, 

Doolittle, Jimr. Amer. L)iem. .S'./r., xv. (1893), p 173 ; and /o«r. Hx. Cliem. 
hid., Xii.41893), p. 709. 

* Napier and Cockrell. See lle.lwood, Peirolcmn, first editiou, vol. ii. p. 619. 

‘ See p. 18. * , , 
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a capillary tube of suitable dimcnsioiis is proportional to the pressure, 
and inversely i)roiJ()rtiuiiiil to the len<^h of the tube ; and (2), that the 
rate of flow through a ea))illary tube of cylindrical bore is proportional 
to the fourth power of the radiirsof the boro. I’rof. (.Isborne Iloynolds 
has shown ' that to ensure these eonditions of steady viscous flow the 

proportions of the tube must bo such that ifi— is less than 700, where 

Y 

Tj is the radius of the boro, c the mean velocity of the fluid, d the 
density of the fluid, and r; its viscosity. The viscosity of the fluid 
in a'w(jluto measure is then given, a]>proximately, by I'oiseuillo’s 
formula, 

ill wliieh g is tlie acceleration due to gravity, d the density of the 
fluid, A the mean head, i the time, V the volume of liquid discharged, 
and a the length of the tu))c. 

To obtain tfie ti*ue viscosity, corrections must, be made : (a) for the 
viscous resistance to the lltiw of the liqiud at tiie ends of the tube ; 
(/?) for the abnormal liow of the liquid on iii*st entering the tube ; (y) 
for the kiuctii; LMiergy with which the liijuid leaves tiio tube ; and 
(8) for the j’csiatancu due to surface tension eftects at the discharge 
orifice, (.■orrections a and fi have never y<’t lieeii devised, hut errors 
due to these eftects may l>c reduced to very small jiroportions by 
making the tube long. Corrctjtion y is made by deducting from the 

mean head a quantity = — ; this correction may l)o made very small 

by using a tube ho narrow and so long that the movement of the 
liquid is very slow. The eiTor due U) surface tension eftects, which 
may be serious, is so variable that the correction S is best eliminated 
altogether by immersing the discharge orifice in the lifu.id and making 
a suitable deduction from the head. 

Description of an Absolute Viecometer. —The a]>])!iratu.s employed by 
the authors h illustrated in fig. 37. The. ciipiliary tube A was carefully 
selected and calilirate/l frf»iu end to end, and was found to be of practically 
iiniiunii bore. \lowed through a bins magnifying 20 diameters, the bore 
apjHiared to be jicrfectly eylindric-il in section. Tlie diameter, calculated 
from the weigiit of mer<miy required to fill the tube, was 0*6180 mm., and 
the length oi the tulie, measured by a Wliitworth machine, was 2T991 cm. 
i'hus, the length was about 350 times the diameter, and, us wc estimate from 
eN’tieriiueiits mart; with Kedwood's viscxmieter that the magnitude of the 
correction a (•’see ab^ive) i.s about eipial to the friction of a length of capillary 
tube equal to the diameU.*' i>f the l>ore, our results from this cause cannot be 
more tlian about 0*28 pe.i cent. U^> high. 'Die kinetic. e.uergy»coiTection, 7, 
also became very small, owing to the narrowness of the l)ore, amounting to 
only 0’6 per cent of the heat! ,^mi tlie case of waU;r (viscosity —0*01), and 
l^iug tp?ite negligible in the case of all the g^cerol solutions except the 
thimiesl (tj= 0*0379), and in that making a difference of only 0*05 per cent,, 
or 2 in the fifth decimal plat;e. 
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The capillary tube was 
groinirt into the neck of the 
i^servoir B,and was connected 
at its lower end, tlirough the 
wide glass tnhc C, vf\}h the 
measuring tube 1). The glasa 
waler-jacKet E for maintain* 
ing the tein])erature constant 
contained a stirrer of brass 
win* H and a thermometer K, 
indicatjng tenths of a degree 
Ccntigracle. By drawing off 
a little water through the 
tube M, and adding cither 
warmer or colder water 
through the funnel t.ubc 0, 
and vigorously stirring, the 
slightest alt^^ratioii in the 
lemiHjraturp of the bath could 
be c-orrected at onc-e. This 
is a most im])ortant point, 
for the viscosity even of water 
undergoes a remarkably ra]>i(I 
alteration with change of 
•temperature. TIiur, the vis- 
^ cosity of water, which is about 
0-013 at 10" a, falls to 0*010 
at 20'’' U., or an average 
diminution of 2'3 ])er cent. 
]«;r degree. Tlie viscosity of 
oils, especially mineral oils, 
and of many other liquids, 
changes at a much greater 
rate. B..aring in mind the 
great importance of keejang 
the temperature of the lirpiin 
constant, the india-i-ubber disc 
r, closing the lower neck of 
the water-jacket, was made 
only about /J, inch thick, and 
was ]>usho(l high up into the 
neck in order that the pro¬ 
jecting end of the capillary 
tube below tbe w'aterdine 
slumld be as sliort as possible 
au<l w*ell sirreened from cur¬ 
rents of ccolcr or .yarmer air. 
The tu]>es (.1 .'jnd 1), w’hich 
were not i>avlof the original 
design of llit apparatus, were 
added in con.soquence of the 
erratic resulUs obtai»ed with 
water, owing to the varying 
tension of the free surface 
of the liquid (correction 5 ), 
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when the end of the cajiillury tnhe was open to the air. D was drawn 
out to a point at tlie ujiper end, in onler to pi-evrnt, or reduce to a 
miuiiumn, evaporation of, or absorjition of, momture from the air by the 
iKpiid in the tube. D was not jacketed ; Imt, a.s all our eiperinients witli 
tliifi aimaratus were made at 20" C., wliich was very neaily tlie temjierature 
of the taljoralorj', any error due to tlie very alight dillerenoe in the tem¬ 
perature, and therefore in the density, of the fluid in D as compared with 
that 111 11, must have been ipiite negligible. The tulie D was carefully 
cahbral-ed, and the ca]iacity in c.o. iicr millimetre, from the zero mark b' 
upward.s, was accurately ascertained. The reservoir 11 was also calibrated, 

.. the zero niark h downw.ards. Tlie vertical distance between the two 

zero .aarlos, nieasiired by a cathetoiiietcr, wa.s 25'50 cm. The shaded 
portions of the figure reiirescnt indiarnblicr connections. 

Muthod of lixporiwenl.'--'Vhc tube 0 wins first of all disconnected from tubes 
A and D, ami each was thorouglily well washed witli water, then rinsed 
with alcoliol and etliur, and dried liy aspiniting air tliroiigli it. Hiuing 
filled B, A, and (1, and iiicisteiied the inner surface of D witli the liquid to 
be tesU-d, C! was again ti.ved in jio.sitioii, taking care that no air bubbles were 
ciitmpjied, and that the end.s of tlie tube were pushed into close contact with 
the ends of A and D. The height of 1) was then adjusted in the clamp 
holding it, so that the zero mark b' was exactly level with a fixed mark on 
the cajiillary tube A. The inijs-r eml of the capiliaiy tube was closed, 
meaiiwliile, by a valve made of .a small cork fixed on tlie end of a platinum 
wire. The lii|uid wa.s allowed to reiiiaiu at rest until the teiiqierature had 
.scttleil down to exactly 20" C., and during this time the free surfaces of the 
liipiid in B and 1) were accurately adjiisU-d to the zero marks. All being 
ready, and tlie liquid perfectly iiiotionlesa, the cork valve was raised and 
the li(|uid allowed to flow ; the time was tlieii measured wliicb the meniscus 
in I) took to rise between two jioiiits, the heights of which above h' were 
successively measureil by a cathetometer. In exiieriiiient'ng with a thin 
liquid like water, the fluid rose in D with comparative ra]iidity, and after 
each exjieriniont Ihe valve was ebssed and the liquid readjusted to the. zero 
marks ; but with the glycerin solutions the rise took jilace so slowly tliat 
several successive observations could be taken without stopping the flow of 
liquid. The cxcca.s of tension of the iiicnisciis in the narn ■, tube D over 
that in the wide tube B was Ascertained sejiaratcly for eacii liquid by con¬ 
necting D with a tube of the same iliamcter as B, without the intermediate 
capillary tube, and measuring with the catlietomelcr the difference in height 
of the liquid columns which lialanced each otliei in the two tubes ; uiis 
difference was added to thp iiiea-.ured head. 

The ajijiai'atiis, as shown in fig. 37, was found to give very good results 
with liquids whose viscosity did not exceed that of rape oil (about Ml at 
CO" F.). With more viscous fluids, the movement was so sluggish that it 
was found iiece-ssary to increase she pressuie by lowering the tubes C and D 
and inserting a eoiiriccting tube be.twocii C and'A. In these experiments, the 
head wa* moasurgd by the oatlietomcter on a millimetre scale suspended 
vertically by the side of the apparatus. 

Experimental Determim mu of the Viaamty of Water at 20" C. —This 
determination was made to test the capiabiUlics of the apparatus and 
niuthod of working. Tli • disttlled water used was welrboilod in a 
silver flask to ex}iel dissolved gases, cooled to 20° C., and immediately 
introduced into the viscometer, v 

t, the Viiean time of flow, was iiieasiircd by a stop-watch, which was started 
and stopped as the meniscus in D pssed two points, 2TS5 cm. and 
U)'83 cm. respectively, above zero {o). Five expewnents were made, 
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and thG times recorded were 136‘3^ 135‘8, 136*9, and 135*8 

sccondK; lienee, the mean time was ihd'O secoridji. 

V, tlie volume of water fl()wiug through the capillai’y tube in t seconds, 
was the <'.a])acit.y of B between tlie two points above referred to, and 
amounted to Jf‘do756 ex. 

/i, the moan head of water, was oalc\jlated l>y suhtiacting from the Vertical 
distance W the initial and final distances of tlie licjuid surfaces below 
h and above h\ one centimetre of tube I) being equal in capacity to 
0'032 centimetre of ih Thus 

Ccntlmctrei. 

Initial head = 2 r>-:) 0 - 2*ir>f>-( 2*165x0'032)= 23*26 
Final head --25-.W-10*83 -(10*83 x 0*032)^ 14*32 


Mean ^ 18*60 

Add excess tensioji of nietiiscus in B *28 


Mean head {]\) 

Suhlra<'t for kinetic energy of efUux (A*) 

, where r— (Wilherforoi) 

<j TTiyl ^ 

Corrected mean head {h-h^) 


^ 19*08 
= ‘098 


18*982 cm. 


d, the density of water at 0.. 
’ 4" ’ 


the radius of the capillary lube, 
u, the length of the caplliai}- tube, 
(/, the acceleration due to gravity, 




= 0*998259 

-- 0*0309 cm. 

= 21*991 cm. 

= 980*51 cm. seconds. 
= 3*14159 


I'lien, hy llie formula {J^oiseuillt’-fVilherforce^ 


Theri'fore, tlie alisolulu visiaihity of water in (J.U.S, units at 20" deler- 
niined by tliis apparatus is 0'0102H dyne per wp cm,’ 


Vi.vnsities ai 20° (J. of Mixtures of (ilycerol antJ Water .—The 
glycerin used for these determinations was purcliased as pure from 

Messrs. Hopkiii tVillianis. The speeitic gravity at h‘. was 

1 ■2.'i68, corresponding to 98 per cent, of glycerol and 2 jicr cent, of 
water, according to Uerlacli’s table. Tlie viscosity of this was care¬ 
fully determined, witliout dilution. It was tlieu mixed with distilled 
water. Six dill'ereiit mixture.s were prepared, haviiij^ a suitifriile range 
of viscositioH, and tlie specific gravity and viscosity of each mixture 
were carefully determined. The data and results obtained are given 
in the folio ving tables. 

^ .Magiuis .Maeleaii Uin'fs, I89(i) <(ives tiui value Oaloe, based upon 

results ubtaiufd by Spnm.j (187i>), Meyer (1S77), and Wloltc (1883.1 Tliorpe 
and Rodger {7VoV. Trans,, vol. cIxx.xr.A, ]i. 3S7) obtained the value 0'010015, and 
have reealeulated tlie values obtained by previous observers with the following 
results ;~Poi.seuil,' 3 , O'OIOOS ; Sprung, 0-01003; Slotto, 0-01008. 
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Table XXIX.— Viscositiks in Dynes pkk sq. cm. oe Mixtures 
OF Glycerol and V/ater. 

Glyoebin No. 1 .— Specific gravity at I'1007 

>. .. 1 - 0.988 

4 

Glycerol = 4()-0 % {(la-ladi.). 

Volume (V) ■ MeunUeEj Time (I) Vimmsity 

W <•■*»>• ScCOIUIh { t ]). 

0-9298 j 22*51 89-;i 

1'380!) 17-B7 167-8 

2 - 7868 wi -48 278'7 

3 - 70.92 : 20 - 4.9 : 390 -] 


0-0379 

0-0381 

0-0377 

0-0378 



Glycerin No. 2.— Sjwciiic gravity at 1-1848 

» „ M828 

Glycerol - 71*04 % {(Jerlach). 


Number uf 
Exjieruuent 

J Volume (V) 

i e.C. 

Alcan Head 
(A) cm. 

Time (0 
Hecoiuis. 

Viscositv 

('l) 


i' -- — “ ■ 

• --- 

-- 


i 

j 0-9297 

22*75 

611-6 

0*23061 

2 

0-9298 

20*17 

574-1 

0*2351 

3 

0 - 9188 

. 

17-59 

6 . 64-2 

_ 

0*2365 


Gi.tgkkin No. 3.—S]>ccific gravity at 1-2057 

20" 

»j )) — J *2037 

4 

Gly-jcrcl 78-78 % (GtrUu-h). 


1 Numlmrof 

Kxijennient. 

Vol»-mc (V) 

* c.c. 

-Mean Hca<l 
(A) cm. 

Time (0 
Seconds. 

Viscosity 

(’!)• 

.. 8- 1 
:^'z 2 

tS 3 

0-4641 

0-4651 

0-4652 

23-47 
„ 21-92 
20-37 

518-2 

549-1 

579-4 

0-6029 

•0-4972 

0-4875 

^.i 

^ fe ^ 

^ 0 

0-6975 

0 6973 
0-6895 

22-03 

19-97 

17-91 

*S17-6 
905-3 
1014-2 , 

0-4962 

0-4982 

0-6062 
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TfcBLE XXIX.— coidinued. 

1 •si.w 

1-2134 

Qlyc.iTol = 82-41 % {(.lerlach). 


(li.Kt'EitiN No. 4.— S|>ecitic gravity at 


20 “ 

20 “’ 

20 ' 

4"-’ 


\ Ninnliurof 

! (V) 

] KxjHjrimejit. 

<-.(•. 

! i 

0-4644 

i 

0-6971 

1 1 

O'697 7 


ifrRIi Ilc'Ud 1 

-i’linKCO 

1 ViBccjIty 

(A) cm. 1 

SecomiB. 

; (»i). 

24*61 1 

729-3 

{ 0-7486 

23-22 

iieri-G 

1 0-7.720 

21-36 I 

1262-,') 

: 0-7486 


(li.vcEiUN No. 5.—S}»!cilic gravity at 


20 ” 


2<r’ 

" 20 " 

1 -’ 

Ulyccrol = (ffi-55 % (Jkrlai h). 


1-2240 

1-2218 


Number of 

Volmms (V) 

Mean ITead 

Time (0 

^ iseoslLy 

PApermieiit. 

e.L*. 

(A) cut. 

.'jceouds. 

('?)• 

-si 

1 

0-4645 

21*12 

1099-9 

J-1142 


2 

; 0-6973 

22-62 

1742-0 

M024 

•■C 


i 0-4649 

22-26 

11930 

1-1144 


4 

I 0-46,72 

21-02 

1258-0 

I-IOHO 

'4J 

V. 

5 

j 0-4646 

19-77 

134,5-0 

1-1166 

— 

— _ 

--- 

- — — 

- — 

.. _ 


20 “ 

Ol.YCHlilN No. 6.—Siiecilid gravity at —, 1-2463 

1 B . 20"’ 


20 ' 
i' ’ 


1-244J 


Olycerol - 93 96 % (daciaih). 


Numhtfof I 

t-<ilunie (V) ' 

Mean Ih'ftd 

TimeO) ( 

Viacogity 

Evpoi’fnieiit. 

t.c. 


Huconilfl. 

W 

1 

1 - i 

0-164.5 


969 

1-0861 

2 i 

0-4649 1 

9719 

980 

.-0687 

3. ! 

0-4652 1 

9-5-43 

1001 

4-0779 

4 4- 1 

9-4640 j 
■* 1 1 

93-99 i 

1016 1 

4-0832 
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Tahle XXIX.— contimud . 


Glyckkin No. 7.—Specific gravity at 1‘2568 


• 



20° , 

l-i.MO 




(ilyccrol = 

98-0 % {(lerlach). 


i Viimiievof 

Volume (V) 

; Mean Head 

Time (t) ^ 

Vibcogity 

1 Experiniotit. 

I'.p. 

' (A) cm. 

sccomlB. 

(i) 

i 1 

U'4H44 

! 9<)-25 

2D30 

8-0884 

' 2 i 

0'4fj48 

97-70 

■ 20,71 

8-6337 

! 3 1 

0'4f;.')0 

90-46 

2103 

8-7360 


Collected JiEsui/rs and Mea'' Values. 

OLYOKROL ANi» Watkr.—V iscosity at 20’ C. 










■'’P. gr. al.-. 

1-1007 

1-1848 

1 -2057 

1-21.55 

1-2240 

1-2463 

1-2.568 

20'^ 

” ” 'Y 

1 -0988 

1-1828 

1-2037 

1-2134 

l-2;--18 

1 -2441 

1-2546 

CTlycernl % 
{(Terlach) 

40-0 

71-04 

78-78 

82-41 

85-55 

93-96 

98-0 


0-0379 

0-2361 

0-5029 

0-7488 

1-1141 

4 0861 

8-6884 


0-0381 

0-2.3.61 

0-4972 

0-7520 

1-1024 

4-0687 

8-6337 

V 

0-0377 

0-2365 

0-4875 

0-7486 

1-1144 

4-0779 

8-7366 


0-0378 


0-4962 


■ 1-1089 

4-1, J32 





0-4982 


■ 1-1166 

... 





0-5062 








. 

— 

■- 

-- - 

- — 

Mifan values 

of 7? 

0-0379 

0-236') 

0-4980 

0-7497 

1 1-1113 

4-0790 

8-6862 


The logarithms of the mciJi values of -q in the above tabic of 
collected results were plotted upon a diagram as ordinatcN, and the 
* 20 ^ 

ispeoiRo gravities at as abseissaj. It was fomiil that a very 


regulai curve could bo drawn through the seven points, confirming 
(.he general accuracy of the results. By means of this curve the 
lengths of the ordinates corresponding to specific gravities ranging 
from I'OO to 1‘262 were carefnily measured^ wid gave the values of 
the corresponding logs, of i; to three decimal places. On tabulating 
these logs, it was found that the increment was not ^uite regular, 
owing to the unavoidable irregularity of the curve as drawn. A 
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systematic correction was, therefore, made which, while not altering 
the values of tfie logs, oeyond the possible errors of experiment, made 
the increment a regular one. The corrected logs, thus obtained are 
given in Table with the corresponding viscosities to four 

figures.' 

Taisi.is XXX. -Viscosities, in Dynes i’er sy. cm., ok Mixioees 
OF Ol.YCEROI. and WaTER. 


,Sji. Or. 

■10- 

ViflfObity 

Of). 

I.OK. of 
ViB008[t.V. 

1-000 

•01028 

2-01183 

1-001 

■01040 

2-01703 

1-002 

■010.53 

2-02223 

1-1103 

■OlOGO 

2-02744 

1-004 

•01078 

2-032G5 

1-00.5 

■01091 

2-0378G 

lOOG 

•01104 

204.307 

1-007 

•01118 

2-04829 

1-008 

•01131 

2-053.51 

1-110!) 

•01145 

2-0.5873 

1-010 

•011,59 

2-063.95 

1-011 

•01173 

2-0G918 

1-012 

■01187 

2-07141 

i-013 

•01201 

2-07964 

1-01 1 

■012IG 

2-08488 

1-01,5 

■01231 

2-09012 

1-OlG 

■01-24G 

2-09536 

1-017 

•01-2(11 

2-10061 

1-1118 

■0127G 

2-10586 

1-019 

01292 

2-11112 

1-020 

■01307 

2-11638 

1-021 

•013-23 

2-12165 

1-022 

•01339 

2-12692 

1 -023 

■0135G 

2-13220 

1-024 

•01372 

2-13748 

1-025 

■01389 

2-14277 

1-(12G 

•0140G 

2-14806 

1-027 

•0142-1 

2-1.53.311 

1-028 

■01441 

2-1.586G 

1-029 

■01459 

2-1G397 

1-030 

•01477 

2-16928 

1-031 

•0149.5 

2-17400 

-- .- 

. 

— 


i 

DifTvr- I 


Sp. Ur. 

, a)*,, 

ttt - ( 
2 (»' 


520 ! 

520 

521 

521 
r.2i j 
5-Ji I 
M2 i , 
o 22 ' 

522 i 

522 \ 

523 ' 
523 ' 

523 

524 
524 ‘ 

524 i 

525 i 
525 ; 
52G ' 
52G ■ 
527 i 

527 I 

528 ' 

528 

529 ; 
52!) : 

530 

530 : 

531 

531 ; 

532 


1032 

1033 
10.34 
1 035 
103G 
1-0.37 
I 038 
1-039 
1-040 
1-(M1 

Voi-2 
1-043 
1-044 
1-045 
1 OIG 
1-047 
1-048 
1-049 
1-050 
1-051 
l-a52 
1-053 
1-054 
1-0.55 
1-05G 
1 -057 
1-0.58 
1-050 
1-OCO 
1-OGl 
1-0G2 
1-0C3 


■ Visiroaity 
! 

I (v)- 


-01513 
-01532 
•01551 
•01.570 
•01590 
•01 GO!) 
•01629 
-01G5O 
j -01070 
I -01091 

; -01712 

I -01734 1 
I -01750 I 
! -01778 I 
. -01800 ; 

•01823 ' 
I -01846 j 
1 -01870 I 
; -01893 

-01917 
•01942 
•019G7 
•01992 

•02018 I 

•02041 ! 
•02070 I 
■02097 
•02124 i 
•02151 ! 
•02179 I 
02207 : 
•()l'23G ' 


i.iA'. »f : IHIlcr- 
\'isfo3it,\. j via-eB. 


2-17992 
2-18525 
2-19058 ’ 
2-19.592 : 
2 201-27 
2-206G3 : 
• 2-21200 
2-21738 
2-22-277 
■2-22817 
■2-23358 
2-23900 
2-24443 
2 21987 ■ 
2-25.532 I 
2-2G078 t 
2-20G25 ! 
2-27173 
2'27722 
2 28272 
2 28823 
2 29375 
2-29928 
2-30482 
2-31037 
2-31593 
2-321.50 
2-32708 ! 
2-332G7 
-J 33827 
2 31389 
2-3 ly53 


532 

533 

533 

534 

535 
.53G 
.537 
538 
,539 
540 
511 

542 

543 

544 

545 
.54G 
547 
.548 
.549 
,550 
,551 
552 
,553 
5.54 
.555 

556 

557 

558 
■559 
5G0 
5G2 
5(14 


' Hcbuttiar {Siiziiitijahci’ichh' tin- KuituT/ir/wti Ahtdeinic (hi' li*im'.tisekafUn 
If'/ca, vol. Ixxvii. (1878} (i GS'l, atjcl vAl. Ixxi.v. (187'b, liamd the viscosity of 
pure glycerol at 20 “ 0. = ^-304, bat as be slaivs tlie specific gravity* at 20 “ 0 . = 
i-2516 the con-ectiicss of bis result is open to question. Schottner’s ligurea for 
dilute glycerin .-lo nu.t fall on any regular curve, and we have been unable to 
make any use of them. * . 
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Tablr XXX.—ViscofirriES, in Dynes per sy cm., > ” Mixtures 
OF Glyceboi, and Water- continued . 


fiji. (1r. ■ 

ViscOBity 
at 2 fi ' 0 
(v). 

Lr>g <if 

Viw<i8Jt.V. 

Differ* 

enceB. 

■ 

Viscosity 
at 20’ C. 
in)- 

D(>g. of 
VjsoosJty. 

I'orvi 

-02260 

2-35519 

566 

568 

.570 

1-109 

•04.302 

2-63369 

1 -005 

-02290 

2-30087 

1-110 

■04371 

2-64057 

1 -ooo 

-02326 

2-36057 

1-111 

•01441 

2-64749 

1-007 

1-008 

-02357 

-02388 

2-37229 

2-37803 

574 

576 

078 

580 

.582 

584 

586 

588 

.590 

.592 

591 

596 

.598 

GOO 

602 

001 

600 

008 

Oil 

014 

017 

020 

623 

620 

029 

032 

035 

038 

Oil 

044 

6'7 

650 

653 

656 

659 

662 

605, 

608 

67.! 

076 

680 

1-112 

1-113 

•04D13 

•04.580 

2-6.514.5 

2-06146 

1-009 

-02420 

2-38379 

1114 

•04662 

2-00852 

I'OTO 

■OllAry'J. 

2-38957 

1-115 

•04738 

2-67563 

1-071 

•02-iHr> 

2-39537 

1-116 

■04817 

2-68279 

l-()7:’ 

-02519 

2-40119 

1-117 

•04898 

2-69000 

1 -073 

•0^3553 

2*40703 

1-118 

•(U980 

2-69726 


•02588 

2*41289 

1-119 

•0.5065 

2-7()4.57 

J-075 

-02623 

2-41877 

. 1*120 

■05152 

2-71193 

1 -070 

1 -077 

-02650 

-02695 

2-12467 

2-430.59 

1-121 
' 1-122 

•05210 

•05331 

2-71935 

2-72683 

1-U78 

•U2732 

2-43053 

1-123 

•05425 

2'73437 

1-079 

-02770 

2-44249 

1-124 

•05520 

-2-74197 

1 -080 

•02809 

2-44817 

1-125 

•{)5f)19 

2-74963 

1-081 

‘02818 

2-454 17 

1-126 

•0.5719 

2-75735 


-02887 

2-16019 

1-127 

•05823 

2-76513 

1 -08:5 

•02028 

2-460.53 

1-128 

•0.5929 

2-772!)8 

1 -U.s-l 

•029(59 

2 17259 

1-129 

•(K5U38 

2-78000 

i-OHa 

-0:5011 

2-47867 

1-130 

■0(5150 

2 78881) 

1-080 

•03053 

2*18178 

1-131 

-Oli-iOf- 

2-79695 

1-087 

-03097 

2-49092 

1*132 

■06384 

2-80.508 

1 -088 

•03141 

2* 19709 

1-133 

■0(>50() 

2-81328 

1 -m) 

•0318(5 

2-50329 

1-134 

•00631 

2-8\5G 

1 -090 

-0:5232 

2*50952 

1-135 

■00760 

2'82‘)‘)2 

1 -091 

03279 

2-51,578 

1-136 

•06892 

2-83836 

1 092 

•03327 

2'52207 

1-137 

•07029 

2-81088 

1 *093 

•(.)337(5 

2*52839 

1-138 

•07109 

2-8.5548 

1-094 

•03420 

2-53474 

1 1-139 

■07314 

2-86416 

1 09.5 

•03476 

2-.54112 

i 1-MO 

-07403 

2-87292 

1-090 

•03028 

2-54753 

rui 

•07017 

2-88177 

1-097 

1-098 

•03581 

•03035 

2-55397 

2-50014 

1-142 

1-143 

•07775 

•07939 

2-89071 

2-89974 

1-099 

•03089 

2-.50094 

1-144 

•08)07 

2-90886 

1-100 

•-03740 

,2-07347 

1-145 

•08281 

2-91807 

1-101 

■03802 

2-08003 

1-146 

•08460 

2-92737 

1-102 

•03860 

4-08662 

1-147 

•08645 

2 93676 

1-103 

•1)3920 

2-59321 

1-148 

•088;J6 

2-94625 

1-104 

•03980 

2-59989 

1-149 

•09033 

2-9.5.584 

1-100 

■04042 

2-00607 

11.50 

■09237 

2-965.53 

1-106 

■04105 

2-6132.9 

1-151 

, -09448 

2-97532 

1-107 

1-108 

"■04169 

•04236 

2-62006 

2-62685 

1-152 

1-153 

•09665 

•09890 

2-98521 

2-99520 

N 


DITer- 

eneea. 


684 

6H8 

09S 

6!)6 

701 

706 

711 

710 

721 

720 

7:ii 

736 

7.12 

748 

754 

700 

700 

772 

778 

785 

792 

799 

806 

813 

820 

828 

830 

844 

852 

860 

808 

870 

885 

894 

903 

912 

921 

930 

939 

949 

959 

969 

979 

989 

999 
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Taiii.h XXX.— ViHcosmE.s, in Dvnkb I’ek Mt.vti'rk.s 

OF Gl.YCKRor, AND \VATliU-■ COHcOttferf. 


Hli. Or* 

2(1' 

e'qi 

cs: 

* «< 

1 . 0 },'. of 
Vi8<.'o8ity. 

Diller- 

OIICCS. 

sp. (Jr 
nt2» 0. 

VisfORity 
at 20 C 
ir,). 

1 

Log of ' 
Viscosity 1 

i 

1'244 

3*481 

-54104 

28,18 

2897 

2935 

2973 

3010 

3040 

3082 

3117 

.3151 

1-2.11 

7-043 

-84778 j 

1 •24.'’) 

3-721 

-.17001 

1-25.1 

7-.191 

-88029 ! 

l-iliiT 

3-981 

■noyof) 

1 250 

8-187 

-91313 

1-247 

4-‘2«3 

-02909 

1-2.17 

8-837 

-94030 ! 

1*248 

4*509 

-0.197;) 

1-2.18 

9-540 

•97980 ^ 

1*249 

4-901 

-0902.1 

1 *259 

10-32 

|-0I3()3 : 

1 *250 

.1-2(1] 

-72107 

1 2()(> 

11-10 

1-04779 

1 *2.^)1 

.1-().13 

•75224 

1-201 

12-09 

1-08228 1 

1 *252 

(i-07« 

7837.1 

I *202 

13-10 

1-11710 1 

1 '25:5 

0*540 

•8 i 5(){) 




1 


DlflM’. 


3:iIH 

3-384 

3.317 

33.10 

3383 

3Ue 

3449 

348-2 


Commercial Viscometry. 

,A vcT-y rouigh iclo.a of the- relative viscosity of an oil in.-iy be foi-mcd 
by shaking it in a bottle and olwerviiig the rate at wliich air-bubbles 
rise in the oil; the more .sluggish the moveinout of wjiial-sized bnbble.s, 
the greater the viscosity of the oil. 

A rough quantitative nieth<«l is to fill a 10 c.c. pipette with the 
oil, fix it in a vertical position in a clamp and emint the number of 
seconds occuj)ied by the oil in flowing from a mark on the ujiper 
stem to another mark on the lower stem. Then clean the pipette 
with ether, dry' it, and m.'ike another similar exi)erime>u, with some 
standard oil, say rape. For the results to he .-it all comparable, the 
oils must he at the same tempej-atnre when the experiment is made. 
To ensure this, small beakers containing 20 to 30 c.c. of each oil 
should be allowed to stand on .-i table, side by side, for an hour before 
making the tost; the pipette may then he filled from each beaker in 
luccossion. As a rough test for sorting (juickiy a tmmbor of samples 
of oil, this is useful, but for accurate work a properly constructed 
viscometer must be employed. 

J. (1. A, llhodiii' deterndnos the viseosities of oils by means of a 
uinple form of absMute viscometer, in which the formation of drops 
is the basis of obsevvation The period of time reejnired for the fall 
rf 30 drops j« noted, and the drops are carefully weighed. iFrom the 
weight of a single drop, the veiy small countcr-pressnre due to the 
surface tension of the drops is .calculated and allowed for. Khodin 
bids the n'eight of the drops from a perfectly Jean tube remarkabl-t' 
sonstant. Thus, in two experiments 30 drops weighed, respectiveJi^rj 
’ Private communication. 
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1 '2220 gr.'immes and 1 •2214 grammes. The capillary tubes used have 
the following diineusionn, viz.:— 

, f n = 0-83S02 min. 1 , , r, 

'• |f =386-9 „ = 

„ / r„ = (l•55:)22 ,, 1, . 

“■ =-101-7 ” I for «=100 C. 

Tlic bead is read oil' by moans of a catbetometor. The following 
results show the accuracy attainable in duplicate experiments, the 
bead varying in canb experiment:— 


DvacrijitiitiJ of Oil 

1 

Auieriunn 
MilKTHl Oil 
(•5)106). 

“ VjilvoliHe ” 
OH ( -STC). 

Cj'liiicier Oil. 

Cylmdcr OH. 

i ciujH’raturo . , 

15” C. 

15“ C. 

100° a 

100" U. 

Viiluu of ' 

(1) • • • : 

2-2743 

1-836 

n-3406 

0-2424 

(2) . . . i 

2-2.'’49 

V804 

i 0-3403 

0-2417 

(3). . 

2-2812 


... 

1 



Rhodin tiiids the incth(«l simple and accurate, and it lues tbe 
advantage of giving alwolute instead of arbitrary results. Tbe 
only drawback is tlie somewhat lengthy caleulation, but this can be 
curtailed by ad(>}iting a uniform method of observation. 

'The viscometers iiKxstly used for ])ractical laboratory work have 
very- short efliu.x tubes of comparatively wide bore. From tliese 
instruments a running can be made in a short space of time, and the 
[larts are easily cleaned and ke])t in order. Rut the rate of efflux is 
far from being jiroportional to the viscosity of very fluid licpiids and 
water, tlumgh in tbe ease of lubricating oils having a. viscosity at 
least as great as that of spenn oil at CO” F. (0-42), the error docs not 
exceed about 2 per cent. The best known instruments of this class 
are Redwood's, wtiicli is the standard instrument in this country, 
Kngler’s and Kimkior’s, which are used on tbe Coutiuent, and 
Sayliolt’s, used in tlio United States. Tliere are many others, but wo 
do not think it necessary to de.soribe them all. Tbe glas.s I'iscomcter 
devised by Coleman and improved by Archbutt is one o? the most 
simple for practical purtwses. It will lie described as tb'- Coleman- 
Archbutt viscometer. Doolittle’s Torsion Viscometer will also be 
described. > 

Redwood’s Standard Viscometer. - —Tliis in.strument, fig. 38, 

.yi(jn.si8ts of ii silvered rOjiper (-.ylindcr A, about IJ inelies iu internal 
’iaiiieter and 3J iiichcB deep, having a thick metal botloin, aligKlly concave 
■the inside, in the centre of which the agate jet, J, is fixed. In the 
-ument used by the auti’pfe the passage drilled through the jet is 12 
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millimetren in length, and very nearly 1-7 millitretres in clianiet?r. Slight 
unavoidixblo varintioihs in the jets of dilierenl in 'tnimeiits, oanaing a few 
BeeondB’ diffeienee in the rate of (low, are orrecteil oy slightly varying the 
height of the [luinted stud B, which determines the initial head of the oil. 
A small brass ball-v.alve fixed U> a wire V, when resting in the hemispherical 
cavity in the agate, jet, closes the orifice ; when raised bo as to allow the oil 
to flow out, it is suspended, by a small hook, from the stud S. The cylinder 
A is fixed, by iiieains of a screw thread and leather washer, in the centre of 



the brazed' copper vessel C, which is furnished with a tap, D, and a copper 
heating tube K; la-ojecting at an angle of 46' from the side, close to the 
bottom. This vessel cont iins water or oil, by moans of which the tempera¬ 
ture of the oil in A is m.uutaiiicd constant, and is provided with a stirring 
apparatus consisting of tour ligH metal vanee, H, fixed to a thin copjier tube 
OTiioh revolves smoothly round the cylinder A, the tube having a broad curved 
flange at the top to prevent any of the liquid in C from being eplashed into 
the oi'.in A. The stirrer is rotated to and fro by means of the handle K, 
and carries with it the thermometer T, which registers the temperature of 
the fluid bath. Another thermometer, T„ held by a i^iring clamp wbidh 

10 
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slides on Hie rod R, is iiuinei’scd in tlie oil undergoing test. The instrument 
is supported on a tripfid.^^Uind furnitihed witli lt?velliiig .screws. 

method of Kxiieriment.~-'\'\w. i irerior of the cylinder A and the orifice of 
the jet are fir.st inspected. They must be j,)erfftctly clean, dry, and free from 
any loose particles which might, vihstrvict the free How of the oil. In 
examining the jet, a small mirror licld Iwlow is useful. After insjiectiou, 
the instrument i.s levelled. The outer vessid, (t, is then tilled with water or 
heavy mineral oil, according to the tem]»ei‘ature at whi<’h the viscosity is to 
be determined, water being used for all Lemjieratures \i\> to about iiOO''* Kahr. 
The height of the li<]uid in 0 should be slightly ah<»ve that of the oil in A. 
The temjierature of i-h« water-luith, having been adjusted, is maintained 
con.stant during the test by <’.outiuual stirring, the thenuometer being 
closely watched, and any tendem-y of the mercury to rise or fall corrected 
by additions of colder or warmer water, the excess of water being drawn <df 
through the tai> ]). Toniperalures much ab(»ve the normal are maintained 
by heating the tube E, by means of a gas or spirit llanie. The oil to be 
tested, if (pule clear and briglit, i.s next poured into A until the point of 
the stiul B is just covered, tlie jet being tirt>t closed by the vah'e ; if the oil 
be not clear, or if it be a dark-coloured oil, it must first of all he strained 
through fine wire gau/.e or iim.slin. Thick oils may be warmed before 
straining, but they must not Ik* heated more than a iVw degrees above 
the temjiemture at which the test is to Ixi made. Tlie oil Bhould be 
brought to nearly the rc<p..ired teiupcpature Ud'ore being poured into the 
viscometer, because the adjustment afterwai^ls takes place slowly. The 
thermometer Tj is immersed in the oil to such a depth that the bulb doe.s 
not become uncovered during the test, aneWR is not afUu'wartls moved. A 
narrow-necked iiask, holding TiO c.c. to a mark on the nech, is idaced below 
the jet to re<'eive the oil. If the tost is to In* ma<le at a teiuiierature more 
than a few degrees above or Ixdow tliat of the air of the room, the flask 
must be immersed in a liaUi of lupiid heated to the testing temperature, or 
the body of the flask may he surroun<leil by a thick layer of cotton-wool 
contained in a beaker, the neck au«l graduation-mark being left exposed to 
view.. As there is generally a slight leeakage from the valve, V, Uie flask 
should not be placed in pasition until the last moment. 

Wlien hath thermometers register the desired temperature, the height of 
the oil in A is finally adjusted so Lliat the point of the stud B lies exactly 
in the surface, and the measuring flask is placed under the jet. The vah'e V 
is then raised, a .sto])-watch being started at the same moment, and the 
miniher of seconds occupie/1 in filling the flask \ip to the 50 c.c. mark is 
ascertained. Tliis completes the teat. In important cases, and always if 
the operator be inexperienced, the oil should lie poured back into A, a little 
more being adiled to bring it up to the mark, and the test repeated, the 
measuring flask being first rinsed (.mt with ether and dried. Duplicate tests 
ought not to differ more tlian al)out 1 \m' cent. ; greater diiTereuces will 
probably lie due to neglecting to maintom a c.onstant temperature. 

Method of Standardizing .—instrument is standunli/.ed with refined 
rape oil; but, as different sami>les of gimuine rajie oil vu y in viscosity, 
Redwood lias projiosed the adoption of the arldtrary number 5^5, which is 
the Average lupnber of seconds re(piired by 50 c.c. of rape oil to flow out of his 
viBcometer at 00“ F. The relative visaisity, at y:'' F. of any oil, compared 
with the viscosity at 00“ F. of ra}»e oil of flcusity 0'0142,^ which is taken as 
lOp, is then found by the following formula ii-— 

Relative viscosity (rape oil at (KF F. = lot))— i * 

^ 5d5 X 0‘9142 

> =8p.’gr. 0-9)5 at^°F. 

i 6Q" 
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where t is the miniher of seconds required for the mtftow 'S 50 c.c, of ilie 
Dil at R, and d is the density of the oil at tlie sam-i teinpe llure. 

It will he ohsevved that Redwood coiiiijares oils at all temperatures with 
rape oil at C0“ F. * some ]»refer to iiialce the comparison with hol.h oils at 
the Kimo temperature. 

The ‘Coleman-Archbutt ViBcometer.i— This instrument, fig. 39, is an 
improved form of the well-known jacketed glass viscometer lirst used hy 
Ooleman about 1869.^ It consists of a glass burette conlained in an outer 
jacket, w'itli a funnel for ]>ouring in hot or cold waU*r, a Lube for running 
;lf water, and a stirr(U' for thoroughly mixing the water in the jacket. 
Being made of glass it is fragile; Imt, with reasonable cave an instrument 
may last for many years. It may he stindui'di/ed with glycerin (see ]>. 150) 
-.() as to give results in a])solntc measure, ami it has the advantage of being 
very convenient- to work with. 'I'hus, the tem|K.*rature of the oil can be 
readily adiuste<l in the elHux-tiibe itstdf, hy Btirriiig witlt a thermometer and 
raising or lowering the tt^njferatim* of the water in the outer jacket; there 
is no need for a separate measuring vesstd, the volume of oil which tiows out 
being measured hy mai'k.s on the efUux-tuhe ; a test win be made willi as 
little as 25 c.c. of oil ; and after the test lias been made the tube is empty 
and ready for the next test. Oils can be tc.sted in this apparatus at the 
temperature of liuiliug water, which i.s high enough for iiiost juirpo.ses. 

dondnictivn. —The eliiu.\-tiii>e A i» about 15 inches in lenglh. 'I'he upper 
12 inches is made of thin-walled glass tubing, al.M>ut 1 inch in internal 
diameter; it tlien narrows to a diameter of alMnit .j'j. inch for 2 inches, and 
Lermiiiatiis in a thick-walled jet, about 1 inch long and of such internal 
diameter (al)out 1‘9 mm.) that 1(K) c..c, of relhied ra]X'. oil at 60'“ F. take 
about ten minutes to run oiiL If the oil runs too quickly, the oviticc of the 
jet may he slightly closed hy fusing the edges m the llame ; if too slowly, 
tlie jel may he shortened a little. Four circumferential marks are etched 
upon the tube. Tluj lowest or zero mark is rather above the middle of the 
narrow portion ; the. other tlinm marks are ou the wide portion, and divide 
tlie tube above tlie zero mark into ca|iaciticB of 25 c.c., 5 ) c.c. and 100 c.c. 
The volume of oil used for a test may, therefore, he varied, ai-cording to the 
viscosity and the ipiautity of oil available. Of fairly fluid oils, c.r/., rape or 
niaeliinery oils at 00'' F., and all oils at 212" F., 100 c.c. are u. -d , of more 
viscous oils, e.fj. cylinder oils at 60" K. and loO" F., 25 c.c. is a suitable 
quantity. 'Phe. tube, must be separately sUndardized from each mark, as 
tlie times of efflux of the different volumes bear no simple relation to each 
other. 

The outer jacket, J, is about lU iriches in external diameter, and liaa a 
short narrow neck at tlm bottom and another at the side. Tlie tube, A, is 
fixed in the jacket liy meau.- of a thick iudiarubbev hung at the top and a 
tliin disc of rubber, not more tliau inch thick, at the lx)ttom, through 
which the ict projects not more than inch. Thus, the oil in the tube is 
surrounded by tlie water in the jacket, until it has reached nearly to the end 
of the jet,Hua the tem]jer‘aturc is maintainefl constant until the oil has passed 
out of the tube. The jet is protected from change of temperature, as well 
as from fracture, hy being ci-ataii.ed entirely within the neck 5f the jacket. 
The large bung at the toji is {wrforated by four small holes. One, whiclj 
is lined with a short piece of giuss tube, is for tjie brass stirring-wire S ; 
another is for the glass funnel F, wliich hta rather loosely, and is replaced 
by Q tube L, conveying steam from the boiler B,^ for deterniinatioTiB at 

^ Made by MeHSiu. Ihui-d & yalhick. 

''■^Jonr. Soc. Cliem. TmL, v. (1886), p. 369, ^ 

In Uie figure ibis tube is shown in dotted lines. 
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212“ F.; a third hole ia for the bent tube C, for Jlio escnne 'f steam, and the 
fourth i.s for the thermometer T. 

In putting till! anparatus together, the tube A is first wetted and pas.sed 
through the auitr'U hole of the bung, far enough for the jet to reach nearly 
to the und of the lower neck when tlie bung is fixed in the jacket; tbe.braas 
stirring-wire, S, which terminates in a brazed ring at the lower end, is then 
pas.sed through its hole and bent over at the toji to form the handle; 
the bung is- thou carefully inserled into the jacket, and the jet is pushed 
through the disc of ruliher at the lower end. Finally, tlic tuIie C i.s inserted 
in th* hung. 

Method of Ej-penmenl. —The tube A and jet are first carefully cleaned and 
dried ; tbe jet is then closed by means of a small peg of soft wood. Water 
at the proper temperature i.s next poured into the jacket, and the oil, 
previously .strained, if necessary, and hnnmht to the .same temperature, is 
poured into tlie efllux-tulie np to ahmit half an inch above the mark it is 
intended b) run it from. 'I’tie oil is stirred with the thermometer, avoiding 
the formation of air-hubldes, until the temiieraturc is exactly correct, the 
final adjustment being easily made by sligblly raising or lowering the 
temiKU-at.ure of the water-hath. The therniomete' is then taken out of the 
oil, which is allowed to rest until ]>crfcclly quiescent. 'I’he wood peg is then 
with<irawii, and the time taken liy the oil to How down lo the zero mark is 
measured by a stop-watch, which is .started as the surface of tin- oil passes 
the iipiier mark. During the ex])erinicnt, the l-einperatiire is maintained 
constant by pouring hot or cold water into the jacket, through the funnel, and 
miming oil' the excess through the side tnixi as often as required, using the 
atirnu- freipieiitly. The tem])erature of the water in the outer jacket is 
indicated by tbe Uiermomctcr, T, wliich is not reniioed. The open end of 
the clflux-tiilie is covered by tlie inverted beaker, K, to jn-eveiitlwater from 
being splashed in liy the stirrer. 

In making nil experiment at 212° F., the cold water in the jacket is first 
rai.sed gradually to about ISO” F., by pouring in hot water, and then the 
funnel is replaced by the .steam tube, L, and steam is down in from the 
boiler. When the water Isiils, the level is lowered sufficiently to nrevent 
splashing, and a brisk ebullition is kept up throughout the test The oil 
previously heated to 212° F., should he poured in just bef'u* the water 
begins to boil, and the tube A covered by its cap. 

Method of^ Standardizing. —If the relative viscosity of an oil be required, 
compared with, say, refined rape oil as the standard, the number of seconds 
occupied by the oil in flowing out is divided by the nuraher of seconds 
occupied by the same volume of rajie oil in flowing out at the same tem¬ 
perature, a correction being made for the dilference in density of the oils. 
Thus, 

Relative viscosity = x 1(X), 
t,a, 

where t aifd ate «ho respective times of flow, and d, d, are the respective 
densities of the bile referred to water at 4” C. , 

For the method of staiidai.liziag'tliis viscometer so as to convert the times 
of efflux into absolute viscosity values, seen. l-Tfl. t 

Baybolt's Viscometer.—DmiitMutjoii.—ITiis iiistriiment, lig. -10, is con¬ 
structed entirely of metal, and in common with niany viscomeler.s the amount 
of oil which runs out during the ex jierimeiit is incasui'Ed in a separate vessel. 
The efflux-tube con.siets of a wide cylindrical upper por^oii. A, surrounded 
at the top by a fixed gallery, B, iuto^hicli the superltuoiismil overflows and 
from which it is withdrawn by a pipette. The tube A terminates at the 
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lower onrl in a metal jet. Tlie jet of an instrument l<inrn_v lent to the 
autliurs liy Mr. Colin Strong of the Anglo-Ainerieau Oil Co. inejisuretl nhont 
17 mm. in length anti ahontl’6 min. in internal diameter. The temjiera- 
tnre of the lii]ni(l, iisnally water, in the outer Imth, C, i.s raised, when 
necessary, hy nnains of a ring Iminer, U. No slim-r is pi'iivided, neither is 
there any means of running olf the Ihinid from the Imth C. The oil Honing 
from the jet is received in a measuring (lash, F, which has a mark on the 
neck at 60 e.('. 



Flo. 40.—Sayholt’s Viscometer. (Section of Pi),etto.) 


MetKqd qf —The outer bath is filled with a suitable liquid, 

and'the temperature ia adjusted by tht^ addition of cold litjuid or hy heating, 
L may be necessary. The tube K, which enclost.s the jet, is dosed by a 
cork, L, which is inaerledrjust far enough to he air-tight, and not nearly 
far enough to touch the jet. The oil, jirevioualy strained into a tin cup 
and heated-to about the re(|iiired temperature, is poured into the tube A 
until it overflows i.nd fills Jl above the level of the upper end of A; it is 
then stirred with, a tliermonieter until the temperature is exactly adjusted. 
The theriitolueter is withdrawn, and the surplus oil is removed from the 
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gallery li ]>y a pipette. The cork, L, is then withdra''n, and the tinfe 
oucupied 111 lilUiig the (lask to tlie 60 c.c. mark is nn»cd oyu ^top-watch and 
recorded a« the viscosity. 

In the Lnstnuiff'nt lent to the aiithow the time re(i\iir<id for 60 c.c. of 
water 70'' F. to run out was 29 5 seconds; 50 c.c. of water from Redwood’s 
instrninent, at the same tempeiutiii’c, rwiuired 25*7 secs. 

Engler’s Standard Viscometer.—This instrument is shown 
in llg. 41. The inner oil veswd, A, is nnwle of brass, gilt nivside, and has alid 
A‘, which carries the thermometer f. In the centre of the concave bottom 
is the jet a, 20 nun. long, 2*0 mm. in diameter at the nipper end, tapering to 
2‘8 mill .'<• the lower end ; it is nnwic of platinum for standard work, but 
for ordinary worh brans is used. The plug valve of hard wood, which 
closes the j(it, pas-siw through a tube 
fixed in the h<i, and can l>e raised 
without removing the cover. Tlivee 
pointed studs, C, fixed at c<pial dis- 
Unices above tlie liottom of tiie vesstd, 
indicate the proper height of the oil, 
and at, the same t-i me serve for levelling 
the instrument; they mark a volume 
of 240 c.c. The oute.r bath, B, is filled 
with water when working at tempera¬ 
tures not exceeding 50’ C. ; above 
that temperature, a heavy mineral oil 
IS used, which can be heated by means 
of tin* ring ljurner d. The oil flowing 
from the jet is received in the measur¬ 
ing flask, (/, whicli b;us a mark at 200 
c.c. and anutiicr at 240 c.c. 

Mdhod of Siai(d(irdiznuj.—T]m is 
done with water i.t 20“ C. The vessel 
A is first tborongbiy rinseil out 
successively witii etlicr, alcohol, and 
water, the jet, being cleaned by means 
of a featlier or a roll of pajier. AfU*r 
the water has drained out, the jet is closed by the valve. The measuring 
flask is filled to the 240 c.c. mark with water at 20'’ 0., which is then poured 
into the oil cup A, and should fill it exactly to the level of the studs after 
the flask has been well drained. Th-3 outer bath should be previously filled 
with water at 20'’ (1. Having a<ljnsted the. surface level, if necessary, by 
taking out or adding a few drojia of \vaU‘r, the tcrajierature of the water 
both inside and outside the cup isbnn.ight exactly to 20^ 0. and then, after 
allowing time for the water in A to become perfecllv still, the plu^ valve is 
raised and the water allowed to flow from A into the dry measuring flask. 
The tiuK^of efflux will be from 60 to 53 Hccond *, if the instrument has been 
made of tlie standard dimensions given iu the fig'urc. The test must be 
repeated, and the riK in of tliree experiments whicli do not differ by more 
than 0'5 second is tlie effliu time of water at 20'’ G. The nearest whole 
number is taken as the unit. 

Method of E/prumenL—ln testing oils, tlie vessel A and the jet are first 
thoroughly rinm! with alcohol, than witli ether, and dried. Idie oil,previously 
strained '^r filtered to remove suspended matter and water, is poured into 
A up to the level of the studs, and is stirred by the ihcrmonieter until the 
desired temperature has been reached. Tlie licpiid in B is adjusted to the 
same tem]icrature. After allowing tl^ oil cn A to becoiiie perfectly still, 



Eio. 41.— Bugler’s Standard 
ViscomeliT. 
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fTie jjlijg is raised, and the time I'equiitjd for tlie oiitilaw of 200 c.c. of oil is 
noted. Sup]K)si!.ig the efflux time of water at 20'' has ])<*eii found to be 
54 second.?, and tlje .sainjJe of oil required 3G0 seconds at 50“ and 90 seconds 
at 150°j tlieu the. 

.S]R*citie viscosity {tCnffler) at 5(r 

„ 111, J.W C.^ 

54 


What Eugler c/dls the ‘sjw'cific viscosity’ is, of <“onr.«e, u jnirely arbitrary 
number, obt^iinahle by his instruineiit alone, and only by such of 'these as 
arc constructed of tlie ])roj»er dimeiisioua. Inslruments recognized by 
Engler as ivhable may be ohUiiiied from C*. Des^a of Ileidclherg, and bear 
the ollicial mark of the Karlsruhe Ohcmisch-TechuiBche Versuchsan.stalt 
01 * the OharlotLcnburg Technischc Aiishdt. Englcr’s viflcomcter has been 
adont.od by tin* Committee of the Gernjan State Railways. 

Hoidc^ finds that in te.sLing thick oils time may be saved by collecting 
50 c,.c. or IOC) c.c. instead of 200 c.c., the results when multijdied by 5 or 
2‘35, res]iectivcly, being comMirflant with those ohUxined in the ordinary way. 
lie also sugge.sts that the oil-lxitli should l)e c<ivcr(*d, and a reflux condenser 
attached so as to cundenf-e and return the va])t«jr; liquids of fixed hoiling- 
point, such as aniline (]S-1“ C.) and naphtliaJeiic (217'' C.), might then be 
u.sed for high temperature experiments/ 

The Eugler-Kunkler Viscometer.—^'o?i^rarf‘(wi.— Engler’s viscometer has 
the defect of containijig no stirrer, and, w'h^ making tests at high temjicra- 
tun*s, it is found that the temp(*rature of the oil varies sensibly during elilux. 
Eiigler and Kunkler have accoi-diugly dcsigiieil a modified instrument in 
winch the viscometer and measuring flask are enchtsed in a double-walled 
octagonal air-bath ntade «>f stout brass plate, 3D cm. high and 20 cm. wide, 
figs. 43 and 44. It .stands ujwn four trianguhir feet, «, the outer sloping 
side.? of whi<th rest on the inside edge of the ring of a tripod-stand, .so that, 
by sliiftiiig the apparatus about, the oil in the cup can he ea.sily levelled. 
The oven is heated by the flame of a Bunsen burner placed under the 
co]>piu‘ bottom j)latc, 6, which has a det'p concavity iii the centre and is 
screwed to tlie bottom flange with an asbestos ring lietwceii. Supported above 
this on the stfiiid ?nd shielded from direct radiation by the double asbestos 
d-isc/, i.s the measuring flask e, Tlie viscometer stands upon four legs on the 
plate which rests upon a projecting rim; this plate has a hole in the 
centre for the oil to jtaas thmigh, and four oval tubes, i, reacliiug above the 
rim of theoil-vcsHcl, thrmigh which and the central hole the heated air from 
below cii’culate.s ami maintains a uniform teni)>erature. Glass windows 
il and mm in opposite sides of the casing, and another in the lid, ilhmiinate 
the interior and eiiahk* the necessary observations to be nuule. Passing 
through the centre <if the cover there is a stirring apparatus, consisting of 
a tuludar axis carrying three blades at the lower end,''aid furmsliccl with 
a knob at tlie upper end by which it is rotated to and fro ; stops on the lid 
prevent it revolving more than one-third of a turn, and al.Mi prevent the 
blades froiiucomiug into c^mUict with the bulb of the thermometer «. The plug- 
valve, iy jiassc-s through the axis of the stirrer, which can he lifted out of the 
oil an<l sa^pendeil by a jmyectiug slud^hcfore the valve la raised. The 
stirrer is made in two parts, which can Ik.* easily sejiaraled foiij cleaning. 
The oil i.s poured into the cup through the tube f, having previoudy been 

Juar. S(K. Client. xv. (1BP6), p. 138. 
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healed to the required temperature in the double-vailed ran, fig. 42, which 
i.^ also provided with tlieriaoiueter and stirrer. 

MetJwd of /4'a;pmmt!)d. —The (la-sk is first placed u])ou the stand c; then 
the plate (j and viscometer aie put in their jdaces and (he cover is firmly 
fixed on, taking wire that the marks on the plate, visooinol.('r, ami cover are 
opposite to the mark on (he side of the oven. The outer lliermonieter, u, is 
placed with its bulb next to the viscometer, and the thei’iiiometer », which 
registers the temperature of the oil, is pushed down until its bulb nearly 
reaches to the bottom of the cup. The tulie « is inserted, the stirrer is 
lowered into the viscometer, and the Jet is closed by means of the valve t. 
Having levelled the ap]iaratus by means of the plumb-line at the side, heat 



Fm. 43. Fin. 44. 


is at first ajiplied strongly, until about four-fifths of the desired rise of 
temperature has taken place, and then the flame is ^adnally lowered until 
the temperature is reiiched and remains constant. The outer thermometer, 
ir, must alone be observed at tins stage, as a layer of somewhat cooler air lies 
at the hotfjpm of the oil-cup. Meanwhile, the eaii .r, liaviug been filled with 
oil nearly up to the iiiark, is heated to the rcynired temperature whilst the 
stirrer is rotated in the direction of the arrow-mark on die lid, and then the 
surfa^ of the oil is adjusted (>» the mark exactly. When the temperature of 
the air in the oven is constant, and that of the oil in die can is‘from 0-25° 
V ‘s ipiickly pourwl down the tube v, the can being well 

drained, and the tulie is then stoppered. Having made certain that the 
surface of the oil is level witii all the .^tuds on the vi.^ometer, the stirrer is 
worked whilst the valye-rod is held firmly in po.sition, and the temperature 
of the oil is finally adjusted. The stirrer is then lifted out of the oil and 
suspended hy its stud, the valve rod is withdrawn, the hole beijjg closed with 
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a cork, und tlic ii’iinl^er of seconds required to fill the lia-sk uji to the 200 c.c. 
niai'k is exactly noted. 

Methnd of Stainhirdi::'tn<j - -lL\m instrument is sUndardized in the .same 
manner as llie En^di'r viscometer. 

Doolittle’s Torsion Viscometer.’—Tliis in^tr^lllleJlt, whicL is iniudi used in 
American laLovatones, wafi<levised hy O. S. DcKilittle for use in the labora- 
Liryof tlie IVimsylvaiiia and Readinf^ Railroad 
Oomj)any. It has Inien in constant use there 
for over eleven year>, and lias ^dven very 
siitisfaotorv results. 

1’he aj»])arntus (fig. 45) consists of a steel 
wiiH*, suspcnde<l from a firm support, and 
fastened to a stem whi(di ]>assea tlirongli a 
gradmxted hm-izontal disc, l)y means of which 
the torsion (»f the wire may he measured. 
Tlie disc is adjusted so that the index points 
to zero wlieii tlieii! is no torsion in the wire. 
A (cylinder, 2 inclics long by inches in 
diameter, having a slender stem l)y which to 
su8j)end it, ifl then immei*se(l in tlie oil to Ije 
t.ested and fastciied hy a thumh-screw. I’ne 
oil is surrounded hy a l»atli of water vjr ])araflin, 
according t.o 1he teiupcraLure at which the 
exjxjriment is to he made. The temjjcrature 
Ijeing adjustetl the disc rests ujuai its 

supports, the wiiv. i.s twisted 500“ ]>y means 
of the knob at the top. Tlie disc being 
rtdeased, the cylinder rotates in the oil, owing 
to the U>rsioii of the wire. If there wei’e no 
resistance to the im veineiit, the niomciitnni 
a<'/piiivd hy the cylinder and disc in revolving 
l«ick to zero M'ould carry them to SCO” in tlie 
oppasite dii'ection ; but the resistance of the 
oil canscisthe revolution to bill sliort of 3(50”, 
and this resistiiiiee is slak'd to Ijl* directly 
])roportinnal to the vi8c.c»sity of the oil. 

The Bim])Ie.st way in which the resist¬ 
ance. may l>e measured is hy observing 
^ the number of <1egrces of retardation 
between tlie firet and .'><'Concl complete 
arc.s traversed by the disc. Siqiposing. 
for example, tliat the wire be twistea 
360" and the disc released. The first 
reading is taken at the end of tlie first swing ; say 355-6“ to the right. The 
disc is allowed to swing back to the left and no reading is txkvu, but the 
secoiifl reading is made at the end of the licit swin^ U> the Mght; say 
338’2“, We thus have 



Flo. 45. —Doolittle’s Torsion 
Viscometer. 


Right, . 

Left, . 
Rigjjt, . 

Ketardaf.icm,. 


. Sr.frfi" 

. 338-il' 

. I7'4"'' 


^ Jour, Avicr. Ckem, 6'<^c’.,.xv. (1893), 173, 454; AUbu, Comml. Org, Anal., 
vol. ii. partii p. 126. ‘ ‘ 
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To avoid error, two tests are made, one by rotat’ng th^ milled lie.td to 
die left and tlie other to the right. If the iiKtriimcnt be in 'orrect adjnst- 
neiit, the two resulte will be the same ; but if it Be .dightly c.it of adjust- 
nent, the moan of the two will be the correct reading. 

In order to overcome the variations in different instriiments, eacdi is 
itandardized against [lure cane-sugar solutions, and the vi.sco8itios of oils 
U'e exiiressod in terms of the nuudK;r of grammes of pure cane .sugar which, 
jontained in 100 c.e,. of the synip at 60" K., will at 80" F. give the same 
'etardation as the oil. Ileadings are obtained hy making a nnmhor of 
loUitions containing known ainounUs of pure cane sugar, and doterniining 
he retardation of e.acdi. A curve is then marked out on s<|uan‘d jiajier, the 
nnnber of grammes of sugar in 100 c.e. of the different svru]).s being taken 
,s ahscissie and the degrees of retardation as ordiii.ates. If roni thi.s curve the 
'nine of each degree of retardation in terms of cane sugar is interpolated, and 
he values, ai'range.<l in the form of a table, arc furnished with each instrument. 

One advanhige of the torsion viscometer is that the. oi>sei’vatioii.s am ipiite 
ndependeiit of the sjiecitic giuvity of the liijuid. Observations at high 
emperatiires can be readily made, and a uiislerate aiiiount of .siisjieudcd 
natter in the oil does not affect the re.adings. It niiglit lie snppu.sed that 
iiertia effects would vitiate the results and become projiurtionally greater 
be less viscous the oil. In regard to this, 11. Job wrilos :' “ We have spent 

good deal of time in experimenting on the matter, and l ive found that 
he error due to tins source is hardly nieasiiralile, owing to the fact that the 
rire is over 20 inches long and the cylinder head weighs over five pounds, 
chile the cylinder itself is only 2 inches high and ll inciies in diameter, 
diiis, wc have e.omparatively slow movement with conside.iable momentum, 
:> that the re.ading is jiractically unaffected liy the slight movement of the 
slntiou.” Job also stat.es tb.at after allowing the weight to remain 
uspended for a .short t.ime, no further streteliiiig of the wire takes place. 

The Expression of Viscosity Values. 

Although viscosity is a definite phyRicuI property of liquids, which 
an be accurately ascertained eijicriiiieiitiilly and expressed in absolute 
ica.sure, it has been tbc ciislmii coimnereially, ever .since the iiitro- 
uctioii of mineral lubricating oils, to select either rape, olive, or sonic 
thcr fixed oil as a standard and to comjiarc the fluidities of mineral 
ils with it. From a praetieal point of view this method is reeom- 
lended by its simplicity, and provided the viscosities of the oils wliieli 
is desired to compare do not fall below a certain limit, which in the 
tse of Redwood’s viseometcr is about the viscosity of sperm oil at 
0" F., the relative efflux times of the oils arc very nearly propor- 
onal to Jheir relative fluidities. It has, however, been objected that 
wing to the iiaUiv.il variation in viscosity of different samples of the 
ime kind of oil, even when pure, and the much greater differences 
Inch may bo caused by Ibo use of an adulterated sample as a 
.andard, a fixed oil is not a suitable standard to employ. To meet 
lis objection, Redwood has designed his standard viscometer, the 
riiicipalilimonsions of which are fixed, and caek-instrument adjusted 
I as to deliver average rape oil at the same velocity. Kngler’s 
soOmeter, used in (lermany, is also of fixed dimensions, and there 
^ Private comtftumcavioii. 



]56 


LUBRICATION AND LUBRICANTS. 


water ia the rtandard of comparison ; but the so-called ‘ specific 
viscosities,’ obtained by dividing the times of efflux of oils with that 
of water, arii purely arbitrary numbei's, and the same is true of 
Kunlder’s viscosity-numbers, which arc referred to a standard mixture 
of glycerol and water of low viscosity, and of Doolittle’s viscosity 
values, wliiuh are referred to cane sugar solutions of known strength. 
Such arbitrary iiuiiitiers may, nevertheless, be snffleient for spocitioa- 
tion purposes, provided the means of measuring them acenrutely, and 
with the certainty of common agreement, exists. 

Notwithstanding the oflorts which have lieeu made to bring about 
uniformity in the measurement anil expression of viscosity values, 
mncli difference of practice still prevails. Numbers of viscometers 
are in use differing from each other in jiattern and dimensions, and 
yielding results which have no meaning to anyone excojit the possessor 
of the particular iiistrumeut. llesults are frequently expressed in 
seconds, without any infonnation as to the e.xaet .significance of the 
numliers. Thus, although a knowledge of the viscosity of a lubricat¬ 
ing oil is one of the must imi«)rtantfactore in judging of its siutabiti^y 
for a particular purpose, no gcuorally intelligible metiiod hitherto 
proposed of expressing the viscosity has met witli more tlian a limited 
acceptance. The universal adoption of any particular standard 
instrument giving arbitrary numbers is prol^bly too mneh to expect. 
What is wanted is a system of standardizing, which will enable the 
viscosity of an oil in absolute measure to be deduced from the time of 
efflux measured in the ordinary way in any well-designed commercial 
viscometer. Such a system of standardizing we proceed to explain. 

The Standardizing of Commercial Efflux Viscometers. 

Mixtures of glycerol and water are prepared ranging in viscosity 
from about 0'0.5 to about 5'0, a suitable scries for the Redwood 
viscometer being the following :— 

Txm.n XXXT. 


MKtuvu -Nil. 

fJlycRrol 
iJtT cent. 

SpvcHU- Ornvity 

at C 

2()" 

Aiijii'oximate 
VigeoEity at 
W 

1 

44-4 

1 1129 

0-046 

2 


1-14C9 

0-086 

:i 


1-1712 

(.'-].')7 

4 

70-0 

1-183G 

-'■228 


T.’i-S 

1-1963 . 

O-3{)0 

'(jj. 

8(1-4 

1-2101 

0 

7 

90-8 

1-2381 

2-39 

8 '. 

94-8 

1-248!) 

4-73 


Mixtures approximating as nearly as possible to tliese are prepared 
by weighing and mixing together the required proportions of the 
purest coajp^rcial glyceriiv aud fv'ater. The specific gravity of each ' 
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20 ° 

fluid at . C. is tlien carefully detcrminefl as dircCif] on p, 174, 

and each fluid is run from the viscometer in succession at 20° C.,* 
the expetiments being made in duiflieatc and the mean time taken. 
Care must be taken to prevent the absorption of water by the stronger 
glycerins. Finally, pure water is run from the viscometer at 20° C. 
Of each fluid wo now know— 

1. The mcuisitij (ij), in dynes jjer sip cm. at 20° C., which is ascer¬ 

tained from the table on pp. l lO-l bfl. 

2. The thiK (f), in seconds, required for the outflow of the standard 

volume (50 c.c. in the ciuse of llcdwood’s viscometer) at 20° C. 
.3, The dmmty (d), which is cjilculatcd by multiplying the sp. gr. 
20 ° 

at C. by 0'99S259, the density of water at 20 C. 

If the viseouictei' were perfect, the corrected lime (M) would be 
proportional to the viscosity ; i.c., 

lit<l — 71 , 


/c being a constant the value of which cmdd be asccrtauiud by ruuniiig 
a single fluid of known density .and viscosity from the viscometer. 
But it will be found that the value of t deduced from each of the 
ditlcreut fluids (including wati'r) varies, grc.atly in the case of the 
thinner fluid.s, but only slightly with fluids above a certain viscosity, 
and by plotting the results a curve can lie drawn from which the 
value of for a fluid of any viscosity can be ascertained. Having 
constructed such a diagram for any viscometer, a multiplier is 
obtained by which the ‘ id' of .any oil, i.e. the time of efflux x the 
density at the tomjieraturc of efflux, may be converted i»'to the viscosity 
of the oils in dynes per sq. cm. at the temperature of experiment. 


Taiu.k XXXI].—Thk Rkhwood Viscometer. 




ViBoosity 

Time of 

iHm.sity 




Number and 

at 20 * C. 

EfHuv ot 



Viiriation 

Description 

-n 

lai* t;. 

«>f Fluid at 
C. 
ti. 

t,i. 

i)ik 


Kin id. 

(dynf'S pur 

t 


~k. 

per <°LMit. 



sij. cm.). 

(Bffonds). 



1. 

Water, . 

0-0I02H 

2C-0 

0-91)820 

25-0.5 

0-00040 

- 83-3 

2.1 

00,377 

•MU 

I-0980 

30-7 

0-00103 

- 56-9 

a. 

• 

O'RSflO 

87*2 

1-1828 

103-1 

0-0022!) 

- 4-2 

4 

Glycerol 

and 

water. 

0-4984 

174-7 

1-2030 

210-3 

0-00237 

- 0-8 

r>. 

0-7.o0f 

•i.V>-.4 

1-21.34 

314-9 

0-00238 

- 0-4 

6. 

1-1123 

3«3-, 

1-2218 

408-8 

0-00237 

- 0-8 

7 

2-2074 

772--^ 

P-23.'>1 

054-4 

(1-00238 

- 0-4 

E. 


4-0,3.40 

1343-0 

1-2440 

1070-7 

0-00242 

+ 1-3 

9., 


8-8370 

2900-0 

' 1-2548 

3038-0-. 

0-C0243 

+ 1-7 


> Tlie standardizing be done at exactly 20” C., because that is the only 
temperature at which the values in the table of glycerin viacosities ^e conect. 
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Wc give the,results obtained by standardizing in this manner two 
eommereial viseoraeters (rc.dly four; since 

viscometer way bo regarded as three instruments of ddierenteapaw^ 
having a common jet). See Tables XXXIL (p. 157) and \XX III. 


Tabi.k XXXIit.—The (Joleman-Auchbott Visuomhteii. 


Nnniher Aiui 
I>escri|>tif>u 
«)f Kluid, 


■Viscosity 
at <J. 

’J 

(tlyiioH i»‘r 
»q. cm.). 


Time of I 
Efflux ! 

Jit 20'C. I 
f \ 
(set'onde). I 


lietiHity of I 
Fluid at I 

C. ! 
: 
I 


til. 




Variation 
of fc 

ner cent. 


1 . 



i>. 

0 . 

7. 

H.; 


Water. 


(Jlyccrol 
and 
water. 


0 ' 010 - 2 H j 
II•(I377 ! 
O-aiiSB 1 
0-4SI84 1 

o-7.’’,()i ; 

i-ii2:i 1 
2'3074 i 
4 -oa.ifi I 


100 c.c. 


28-10 

0-908259 

28-05 

-00037 ■ 

-81-7 

36-2.5 

I 1-0989 

39-8 

•00095 ; 

-.53-0 1 

104-6 

; 1-182.5 

123-7 

■00189 i 

- 6-4 ! 

20.5 9 

j 1-2036 

247-8 

■00201 

— U*5 i 

303-1 

1-2134 

367-8 

■00201 ' 

+ 1-0 ! 

446-’. 

1 1-2218 ^ 

515 2 

00204 

+ 1-0 ! 

1)13-8 

11-23.51 ' 

1128-6 

•00201 ■ 

- 0-5 

1004-.5 

! 1-2440 ' 

1996-0 

y - 

•00202 

i 0-0 


50 c.c. 





(■)1\ ccrol 
and 
water. 


8.7 


00377 

0-2338 

0-4984 

0-7504 

1- 1123 

2- 2fi74 
4-03.56 


2 . 

3. 

4. 
.5. 
6 . 

7. 

8 . 

9. 


Glycerol 

and 

wat.er. 


10-0377 
! 0-2338 
0-4984 
0-7.504 

1- 1123 

2- 2074 
4-0306 
8-8370 


22-0.5 

1 -0989 

24-2 

■00156 

- 49-4 

67-65 

T-182.5 

80-0 

•00292 

5-2 

13.51.5 

1-2036 

162-7 

•00.306 

- 0-6 

197-7 

1-2134 

; 239 9 

•00313 

-8 1-6 

292-85 

1 -2218 

1 3.57-8 

•00311 

+ 1-0 

601-2 

1-23.51 

1 742-5 

•00305 

1-0 

10.50-5 

1-2440 

1314-3 

•00307 i 

- 0-3 


25 

C.C. 




! 

12-7 

1-01)89 

14-0 ; 

•OOiiOl) 1 

- 

46-6 

41-45 

1-182.5 

49-0 ' 

•00477 : 

- 

5-4 

82-9.5 

1-2036 

99-8 ■ 

•00499 1 

- 

1-0 

120-4 

1-2134 

14C-1 1 

•00014 

+ 

2-0 

178-4 

1-2218 

218-0 j 

■00610 

+ 

1-2 

369-1 

1-2301 

455-9 

■00497 

- 

1-4 

648-5 

1-2440 

806-7 , 

•00600 

- 

0-8 

1396-0 

1-2548 

1751-7 

-00.504- 

J. 

0-0 


From the results in these tables it appears that the Jiiean values of 
k deducecl from the efflux velocities of the fluids of 0-49H4 viscosity 
and upwards hiight lie used to calculate the viscosity in absolute 
measure of all.oils pveeeding in valufe 0-49, or we inight say of alloils 
-'of not less' viscosity than sperm oil at 60” F. (r; = 0-4i), with a 
■ maximum error, in the east! of hither instrument, of ± 2-0 per cent. 
To enable Wc viscometers to \>e used , for fluids of lower viscosity, 







Fig. 46.— Correction Curve for the Colenian-Archbutt and Redwood Viscometers. 
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• 

such, e..7., as rape oil at 1.50“ F. (i; = 0'18) or cyliiidev lils at 212" F. 
(t; — O'lfi to O'.IG), the results have heon plotted on diafriUi ’s. Fig. 46 
gives the eoinpleto curves fur all Ihjuids. Fig. 47 gives, on an enlarged 
scale, the first parf of each curve for thin Ihpiids.' 



Ihdue of It 


The siieoesa of this niothod of staiidanJizing depends upon the flow 
of liquid through the jet of the viscotnoter being free from eddying 
inotioU; and provided the length' of the jet door, not exceed twenty 
times its diameter steady motion may be relied upon in the case of 

' Those diagrams are, of course, applicable only to the particular instruments 
tor which they wore constructed. 


Value of td (thick lifiuids). 
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liquids of not lo>ver viscosity than O't. With thinner li<)uid8 unsteady 


motion may occur, and tl^e tendency to form eddies will be greater, 
ceterin paritiiia, the higher,the density of the liquid and the lower its 
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viscosity. That is to .say, the comparatively heavy glycerol solutions 
used for standardizing will be more likely to set up c'-'.d'es than the 
lighter oils, and oousequently the latter may 3ow more rapidly than 
glycurol solutions of equal viscosity. With both the viscometers 
tested by us this has been found to bo the case, and the value of k 
corresponding to the id <if thin oils is too sm.all to give the true 
viscosity. If, however, the value of k corresjmnding to If id bo 
taken, practically correct results are obtoined, oven with oils as thin 
as water. Wo, tliorefore, apply this correction to all thin oils. The 
following rules contain a summary of the method. 

BULKS FOR JIETKRMINING BY MEANS OF A STANDARDIZED 
VISCOMETER THE VIsCUSlTV OF A LUBRICATING OIL IN 
ABSOLUTE MEASURE AT ANY DESIRED TEMPERATURE. 

A. For Oils of Viscosity 0-4 and upwards. 

Isf. Ueh'rmwe the time of eflux (/) of the Aandard volume in 
.^eeonds. 

2nd. Ddpvmine the density {d} of the oil at the same temperature. 

3rd. Find the value of k rorrespunding to td. 

Mh. Multiply id inj !;; the product is the absolute viscosity. 

B. For Oils of Lower Viscosity than d- 4 . 

\st anil 2nd. As above. 

Till 

3rd.. Find the value of k corresponding to . 

ilh. Multiply td by k ; the product is the absolute viscosity. 


The following results show the accuracy of which the method is 
capable. Oils of low viscosity were selected for experiment, as with 
these the error is likely to be greatest. 




Alwohite Viscosity at 20“ C., 

DeHcriptluii of Uil. 

Dettsity ut 

c. 

dcteriinned by niuans of the 


Absolute 

Viscometer. 

Redwood 

Vi.Hcometer. 

Coleman 

Viscometer. 

Mixture of shale oil and 1 
petroleani, . . . / 

0-8A65 

0-040 

0-040 

0-042 

Sli.ale oil, .... 

0'8663 

0-124 

0-123 

0-122 

Sperm oil, . . . 

0-8783 

0-377 

0-377 

0-378 


Tables XXXIV. and XXXV. contain the complete results obtained 
by testing in this manner a number of lubricating oils. _Tablc XXXVI. 
is a Bumnlffry. The curves in figs. 48, 49, 60, ST show the relation 
between absolute viscosity and temperature in the case of mineral 
lubricating oils, as compared with tygicol syaimal and vegetable oils, 

•11 
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'Tabm: XXXIV.—VisooarriES op Oils in Dynes peb sq. cm. deter¬ 
mined BY THE Uolkman-Abchbutt Viscometer. 





60'' K. 



DeecHiitioii of Oil. 

£(flux 

Velocity! Density 
(sccouds) d. 
t. 

td. 

k. 

Viscosity 

^Itd. 

1 Animal and Vecjdahle Oils. 

\ Sperm oil,. 

100 c.c. 
240-4 

-8783 

211-1 

'00199 

0-420 

Olive oil, ..... 

589-2 

-9169 

493-9 

•00204 

1-008 

Rape oil,. 

.’>98-6 

-9151 

547 8 

*00204 

1-118 

Tnllow, ..... 






('aatoroil,. 

... 





Neutral woo] fat, .... 

... 





Scotch Minccal Oils. 

‘8G5,’ ...... 

90-7 

-8683 

78'8 

•00186 

1 

0-146 1 

‘890,’. 

284-4 

•8905 

253*3 

■00201 

0-609 ! 

Qalician Mineral Oils. 

Light (pale) nmehiTiery oil, 

215*0 

r 

191-0 

-00203 

0-388 ‘ 

Heavy (pale) machinery oil, . 

695-0 

•8961 

622-8 

•00203 

1 -264 , 

1 Ihissian Mineral Oils. 

Light niacliinery and spindle oil. . 

631 ’3 

•8978 

566*8 

■00204 

i 

T156 . 

Mediujn (pale) machinery oil, 

1955-0 

‘9096 

1778-3 

•00202 

3-592 

neavy(pale) engine and machinery oil. 

50 c.c. 
1838-0 

•6085 

1669-8 

•00310 

i 

5*176 1 

Heavy (daik) axle oil, 

2152-0 

*9092 

ims. 

•00310 

6-066 1 

i Extra heavy (pale) engine and 
machinery oil. 

2180-0 

-9086 

1986-0 

•00310 

6-167 j 

' American Mineral Oih. 

Spindle oil (‘Pale 885’), , 

100 c.c, 
256-2 

'8844 

226-6 

*00200 

0-463 

„ „ (‘Pale 800/70’), . 

Light mnchiiicry oil (‘ 900/7 ’) 

* Solar red ’ engine oil, 

410-5 

-8677 

350-2 

•00204 

0-727 

619-5 

-9008 

»558-l 

•00204 

1T38 

1040-0 

•6162 

952-8 

•00201 

1-916 

■ ‘ Bayonne * enpne oil, 

1185-6 

•9113 

1080-5 

•00201 

2-172 

‘Special red * engine oil, 

50 c.c. 
1048-0 

♦9357 

.980-6 

•oowo 

3-001 

Medium (dark) machinery oil, 

1130-0 

•8839 

9il8-8 

•0030 

3-046 

‘ Galena’axle oil, 

I665’0 

•9086 

14I2-9 

■00.109 

4-366 

Heavy (pale) macliineiy oil, . 

2363-0 

•9018 

•21310 

•00310 

8’eO0 

Filtered A'liiider oil (‘ Valvoline '), 






» M (‘F.F.F.’), . 

Dark cylinder oil {‘A ’), . 

... 










n >> »j \ /I • • 

„ ,, (‘Locomotive’), . 

, Dark filtered'cylindet oil (‘ N ’), 






... 
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TABfiE XXXIV.— continued. 


100-' F. 


Duaurlptioii of Oil. 


A-nma? nvd Vcgrlahle OiJa. 

Sperm oil, .... 

Olive oil, 

Rnpe oil, .... 

Tallow, . .... 

Castoi oil, 

Neutral wool iat, . 


Scotch Mineral Oils. 

'865,’ .... 

‘ 890,’ .... 


Qalician Mineral Oils. 

LigLt (pale) macliiiicry oil, 

Heavy (pale) machinery oil, . 

Russian Mineral Oils. 

Light machinery and spindle oil, 
Medium (]>alu) machinery oil, 

Heavy (pale) engine and machinery oil, 
Heavy (dark) axle oil, 

Extra heavy (pale) engine and 
machinery oil, .... 


Atiieriean Mineral Oils. 

Spindle oil (‘Pale 885’), . 

„ * (‘Pale 860/70 ’), . 

Light machinery oil {‘ 900/7 *), 

* Solar red ’ engine oil, , 

* Uayonne * engine oil, 

‘ Special red ’ engine oil, 

Medium (dark) machinery oil, 

* Galen 4 ’ aUlc oil, . , . 

Heavy (pale) machinery oil, . 

Filtered cylinder oil (‘ Valvolmc \ 

F'ltered cylinder oil (‘ F.F.F.’), 
Dark cylinder oil (‘ A ’), 

„ » (‘N»), 

’ ,, ,, (‘Locomotive’), 

Dark filtered cylinder oil (‘ N ’) 


EHlux 

Velocity 

(gecondB) 

t. 

100 c.c. 
111-7 
208*2 
235-6 

1433*0 

DenHity 

d. 

■8637 

•9011 

*900,5 

■9173 

... 

M. 

96-5 

187-6 
212-2 

mi7-5 

it. 

*00192 

*00201 

•001P9 

•06201 

ViBcoRlty 

= Ad 

0-185 

0*377 

0-422 

2729 

52-0 

•8533 

44-4 

‘00148 

0-066 

108*9 

•8761 

96-4 

•00192 

0-183 

97-0 

•8741 

84-8 

•00167 

0*142 

205-0 

•8822 

180*9 

00189 

0*342 

374*9 

•8837 

164-6 

•00190 

0-307 

417-0 

•8357 

373-5 

•00204 

0-762 

579 0 

•8949 

518-1 

•00203 

1-052 

673-0 

•8955 

602-7 

•00203 

1 -223 

670*0 

•8940 

699-4 

• 0020 -» 

1-217 

100 c.c. 





99-2 

8700 

86 -3 

•00188 

0*162 

141*0 

•8635 

120-3 

■00196 

0-236 

193*0 

•8867 

171-1 

•00200 

0-342 

273-4 

•9020 

246-6 

•00201 

0-496 

315*4 

•8973 

283-0 

•00202 

0-572 

3-24*0 

•9217 

299-0 

O0197 

()-689 

397*6 

•8696 

345-7 

•00204 

0705 

498*0 

•8946 

445-5 

•00204 

0-909 

711-0 

•8878 

630-8 

•00203 

1-274 

50 c.c. 





901*0 

•8757 

788-9 

<3 

CO 

0 

0 

2-406 

25 o.c. 





964*0 

•8767 

844-2 

*00500 

4 '221 

955*0 

•8846 

844'1. 

•00500 

4*224 

1438-0 

•8849 


•00603 

6'401 

1645-0 

•8834 

1453-2 

•00504 

7*324 

2219-0 

•8960 

1986-0 

'00605 

10-029 

• 

a 
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Tarlk XXXTV.— continued. 





iwr V. 



Description of Oil. 

Efllux 

Velocity 

Density 

td. 

it. 

Viscosity 


(seconde 

t. 

(t 

-kid. 

Anhihil and Vecjriithle Oih. 

100 c c. 





Sperm oil,. 

G2-1 

•84r»6 

62-5 

•00101 

0-086 

Olive oil,. 

93 3 

*8826 

82*3 

•00187 

0-154 

Rape oil, ..... 

105*2 

•8822 

92-8 

*00191 

0-177 

Tallow, ... 

105*2 

■8784 

92*4 

•<‘0190 

0-176 

Castor oil, ..... 

321 *2 

•9284 

‘298*2 

•00203 

0-805 

Neutral wool fat, .... 

906*0 

•9137 

827-8 

■00202 

1-672 

Scotch Mineral Oils. 






‘865,’. 

‘ 890,’. 

38-2 

•8*47 

31-9 

■00113 

0*036 

54-8 

•8681 

47-0 

•00140 

0-069 

Galician Mineral Oils. ' 


4 




Light (pale) machinery oil, 

Heavy (pale) machinery oil, . . j 






Rmsian Mineral Oils. ; 



1 




liirrbt Tiiacliinefy and S])indle oil, . , 
Medium (pale) machinery oil, . ; 
Heavy (pale) engine and machinery oil, | 
Heavy (dark) axle oil, 

Extra heavy (pale) engine and j 
m'v^hiiiery oil.- 


101’4 ! -ooift;! 


1 American Afineral Oils, 

' Spindle oil (* Pale 885’), 

„ „ ('Pale 860/70’), . 

Light machinery oil (‘900/7’), 

1 ‘ Solar red’engine oil, 

I ‘ Bayonne’engine, oil, 

: ‘ Special red * engine oil, 

; Medium (dark) nmchincry oil, 

I ‘ Galena ’ nxlo oil, . 
j Heavy (pale) macliineiy oil, , 

, Filtered cylinder oil (‘ Valvoline’), 

^ Dark cylinder cil// 

» r, „*(*N’), 

t, ,, f (‘Looomotiyo’), 

Dark filterwl c^dindei oil (‘N’), * . 


44'5 ’ -00148 
53-4 ■ '00162 
65*6 i *00175 
81*3 *00185 
91-1 i *00^90 

0... I ... 

108*1 i -00194 


298*0 I -00203 , 0*606 
4b8-5 I -00204 ! O-'SSS 
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Tablk XXXIV.— concluded. 





•J1-- K. 



iJuscription o.* OiJ. 

Efflux 

Velocity 

(seconds 

t. 

TiensUy 

d. 

Id. 

fc. 

Viscosity 

n 

=ktd. 

Anmal and Vtufeiahk Oils. 

100 C.C. 





Sperm oil,. 

43-4 

•8229 

36-7 

■00128 

0-046 

Olive oil,. 

53-6 

-8590 

46-1 

•00151 

0-070 

Rajie oil,. 

68-7 

•8595 

50*5 

•00158 

0*080 

Tallow, ..... 

58-0 

-8567 

49-6 

-00167 

0-078 

Castor oil,. 

98-9 

•9050 

89-5 

-00189 

0-169 

Neutral wool fat, .... 

180*0 

•8909 

160-4 

•00196 

0-314 

Senfeh Mineral Oils. 

'865,’. 

‘890,’. 






Galician Mineral Oils. 

Light (pale) machinery oil, 






Heavy (pale) machinery oil, 






Russian Mineral Oils. 

Light machinery and spindle oil, 

41-0 

•8442 

34-6 

•00124 

0-043 

Medium (pale) machinery oil, 

51-8 

-8068 

44-4 

•00148 

0-066 

Heavy(pale) engine andinacbinery oil, 






Heavy (dark) axle oil, 






Extra heavy (pale) engine and 
machinery oil, .... 





" 

American Mineral Oils. 

Spindle oil (‘ Pale 885’), . 

36-8 

•8298 

30-5 

•00107 

0-033 

„ „ (‘Pale 860/70’), . 

■10*8 

-8138 

33-2 

•00119 

0-039 

Light machinery oil (‘9u0/7 ’), 

‘ Solar red ’ engine oil, . 

43*8 

-8489 

37-1 

•00132 

0 049 

47-O 

-8624 

41-0 

■00142 

0-058 

‘ Bayonne* engine oil, 

‘ Special r?d ’ engiiK^oil, 

50-4 

-8579 

43-2 

•00146 

0-063 





... 

iledium (dark) uiachiuerv oil, 

69 1 

-8291 

’ 49-0 

■o6i56 

0-076 

' Galena ’ axle oil, . 






Heavy (pale) machinery oil, . 
Filtered cylinder oil (‘ Valvoline ’) 

110 0 

-8377 

97 2 

■ooi52 

0-187 

.(‘KF.F,’), , 

Ddik c} Under oil (‘A’), . .• 

... tf . . 

169-0 

-8370 

133-: 

■00191 

0-254 

146-0 

•8441 

1 >2 4 

■00196 

0-240 

173-0 

-8464 


■00193 

0-282 

„ ,, ,, (‘Locomotive’), , 

Dark filtered cylinder oil (' N ’), 

202-0 

-8439 

170-6 

■00200 

0-341 

208-0 

-8656 

177-9 

■00200 

0-366 


• 

• 


• 
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Table XXXV. —Viscosities oe Oils in Dynes ter sq. cm. deter¬ 
mined BY THE Redwood Viscometer. 


Description of Oil. 

EflUux 

Velocity 

Density 

td. 

i:. 

! Viscosity 


(seconds) 

t. 

d. 

1 ^ktd. 

i i 

American Mineral Oils. 

i 





‘ Glol)e' oil (dark) . 

Light Machinery oil 

6530 

-8802 

574-8 

-00237 

1-362 

(‘905/10’) .... 

689-5 

-9054 

624-3 

•00237 

1-479 



- 

100* F. 


1 

1 

i 






American Mineral Oils. 



1 

1 

i 

‘Globe’ oil (dark) . 

Light Machinery oil 

199-6 

-8663 

173-0 

-00234 

0-405 

(‘905/10’) .... 

200-2 

-8915 

178-5 

-00235 

0-419 

1 
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Table XXXVI.— Absolute Viscosities op Oils Nummary). 


Descripth'T of Oil, otc. 

Absolute Viscosity (»j) in Dynes per eq. cm. 

60* F. 

ino'F. 

150* K. 

212* ¥. 

Water at 68° F. (20° C.), . 


0-01028 


Animal arui VetjeiahU Oih. 





Sperm oil,. 

0-420 

0T85 

0-086 

0-046 

Olivo oil,. 

1-008 

0-377 

0-154 

0-070 

Rape oil, ...... 

1-118 

0-422 

0-177 

0*080 

Tallow, ...... 

Castor oil,. 

Neutral wool iUf, .... 


2-7W 

0-176 

0-605 

0*078 

0*169 


1-672 

0-314 

Scotch Mineral Oils. 





‘ 865,’. 

0-146 

0-0G6 

0-036 


‘ 890,’. 

0*609 

0-183 

0-069 


Galician Mineral Oils, 

Liglit (pale) machinery oil, 

Heavy (pale) machinery oil, 

0*388 

0*142 



1-264 

0*342 



Kassian Mineral Oih. 





Light machinery and Bpimlle oil, 

1*156 

0*3i)7 

0-O99 

0*043 

Medium (pale) machinery oil, 

3 592 

0-762 

0-196 

0-066 

Heavy (pale) oiiginc and machinery oil. 

6-176 

1-05-2 


Heavy (daik) axle oil, 

6-066 

1-223 



Extra’ heavy (pale) engine and 





machinery oil, .... 

6-157 

1-217 



• American Mineral Oils. 





SpiiuUo oil (‘Pale 886’), 

0-453 

0-162 

0-066 

0-033 

„ „ (‘Pale 860/70’), 

Light machinery oil (‘900/7. 

0-727 

0*236 

0-086 

0-039 

1-138 

0-342 

0-11.5 

0*049 

‘ (Jloba’ oil (dark). 

1-362 

0*405 



Light machinery oil (‘ 905/10 , 

’ t^lar red ’ engine oil, 

1*479 

0*419 



1-916 

0-496 

0-l,50 

o-6b 

* Bayonne * engine oil, 

* Special*ped ’ engine oil, 

2-172 

0-572 

0-173 

0-063 

3 001 

0*689 



Med^nn (dark) machinery oil, . 

3-046 

0-70.5 

0-210 

0-076 

‘ Galaua’ axle oil. 

4-366 

0-909 



Heavy (pale) macliineiy oil, 

Filtered cylinder oil (‘ Valvoline') » . 

6-606 

1-274 




2-406 

0-606 

0-187 

V .. » (‘F.F.F.’), . . 

Dark cylinder oil (‘A’), . . • . 


4*221 


0-264 


4*224 

.0-833 

0-240 

, „ „CN’), . . . 

,, ,, Locomotive’) 

Dark filtered cylinder oil (‘ N ’) . 


G’A'i. 


0-282 


7-324 


0-341 

... 

10-029 


0-366 


• 


» 

-•- 
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Fig. 49.—Light Marhincry Oils. 
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Fio. 50.—Heavy Machinery Oila. J 
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! ,f<9pe Oii 

2. American Sola 

If 

3. American Sayonf^ 

r "Aed Engine OH 
e Engine Oil 
eef^ Macn^ Oit 

7if $05// 


S. Pale Pussian 





60* too* ISO* 2! 2* 

Temperature * F. 


Fir. 61.—Oylimlor Oil.s. 
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Apparatus for Determiniug the Consistence of Solid Fats 
and Greases. 

KiasUng’s Apparatua, sliown in fig. 52, is conatnictetl and used aa follows 
A rod, 30 o.ni. long and 8 to 10 mm. in diameter, passes loosely through a 
hole in the plate /. The lower end of the rod is pointed, and to the uppei 
end is fixed a weight P. The fat or grease is contained 
in a beaker, 8 cm. wide and 10 om. high, which it 
placed in such a position that when the point of tht 
I’od rests upon the surface of the fat, the poiiU of the 
stud S is exactly 10 cm. above the plate /, The rod 
is then alloweil to sink intc the fat, and the time 
which elapses before the stud touches the platfi it 
measured. The number of seconds expresses tne rela¬ 
tive consistence of the fat. All experiments with this 
apparatua are made at 20" C, 

According to the consistence of the fat, either a 
brass rod of 150 grammes total weight, or a zinc rod 
Fig. 52.—Kis.sliiig’s of 100 grammes weight, or a glass rod of 50 grammes 
Apparalus for weight, is used, and the fat must have remaioe-d 
Grea.ses. undisturbed for twenty-four hours before the test is 

made. If a sufficiently large quantity of the fat is 
available, the container may he a thin brass cylinder with a loose bottom, 
which is filled by pres.sing it down into the fat; in this way the fat is not 
subjected to mechanical disturbance in fillin^tlie vessel. . If the repeated 
testing of the same fat does not give concordant results, the fact must be 
attributed le.ss to a defect in the apparatus than to the sensitiveness of fats 
to mechanical disturbance and change of temperature, and to the fact that 
their consistence is not always uniform in dilfereiit parts (Kmkier). 

Eunkler’s Apparatus is shown in fig. 53. It is made of sheet brass, one 
the temperature of testing is 50° C. In the water hath a, the temperaturi 
of which is maintained by applying heat to the vessel g, and registered by 
means of the thermometer/, the vertical tube 6 is fixed, terminating in thf 
jet d, 6 mm. wide and 15 mm. long. The lube e, 30 mm. wide and 150 nim 
long, which contains the fat or grease, elides within the tube b, and tht 
grease is forced out of this tube, through the jet d, by means of the piston e. 
75 inm. in length, consisting of two discs, 29 mm. in diameter, and e 
connecting piece. 

The tube o, forming an upward continuation of the piston, is kept ir 
position by a projecting strip which .slides in the groove n, on the inside ol 
the tube r. A cap A, the movement of which is restricted hj' the pin t 
working in the slot m, fits over the upper end of the tube r, and acts as e 
stop for the brackets A and I, by which the movement of the piston js arrested 
The brackets i, which rest upon the cap before the experiment is commenced 
are set free Iiy turning the cap to the right; the pisPm then commences k 
descend, and continues to fall until the second pair of brackets, t, icsta upoi 
the cap, when the experiment is at ap end and the time i.s noted. Thi 
distance'hetweeii the two pairs of brackets is 56 mm. The piston is loadec 
with the whole oraportion of the lead weights r, three of 200 granimes, oiii 
of 100 grammes, .Irni one of 60 grammes, according to the consistcncp oj thi 
grease. The weights are kept in position by the rod and disc p. The weigh: 
of the piston and rod is 170 grammes. 

In using thjsSipparatns, &e«tnbe e is filled with the grease to be testec 
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l)y first inserting tlie piston e and spreading the grease wit’i a broad knife 
upon the disc, b, and, whilst spreading more and more grea^.e gradually with¬ 
drawing the piston until the upper disc reaches tjie open e. d of the tube. 



'Ircat care must be taken that no air-bubbles are iii dwle d. After pressing 
dowji thrgrease with the rod and disc «, the piston withdrawn and 

another tube filled, as, owing to the extent to which the consistency of grease 
is affected by working it about, the tube after filling must remain for at least 
twenty-four hours at a temperature of about«0° C. before tig test is made. 
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The water-bath\) then Cllcil nearly full of water at D&° C., and this tem- 
prature is maintained constant during the test. The tube of grease having 
been inserted into the lixed tube ft, the piston is put in and pressed down 
until the atojp, A, rests upon the cap. After the lapse of twenty minutes, the 
suitably loacfed piston is liberated by turaing the cap, and the time which 
elapses before its movement is arrested by the stops, I, meiisures the consistency 
of the grease. 

This apparatus is intended for comparing the consistency of one sample 
of grease with anotluii', or of several sample.s with a .standard, and the load 
put u])on the piston must depend upon the consistency of tlie grease. It 
should he so projstrtioned that the lime of experiment with the stiffest 
sample is about ten minutes. It is obvious that tbe load must be the .same 
for all samples compared, as the results of tests made with dilfereiil loads do 
not admit of comparison. 


Ji—SPECIFIC GRAVITY AND DENSITY. 


The B]iccifi« gravity of a solid or lujuid substance is the weight 
compared with tluit of an equal volume of water taken a.s unity. 
UnleSiS otherwise stated, the comparison is made with water at l.ho 
same temperature as the substance, but such an e.xpression as ‘ sp. gr. 

20 " ' 
at means the weight of the substance at 20” compared with water 

iit 4” taken as unity. In the C.G.S. sy^em of units, the .specific 
20 ° 

gravity at - C. is identical with i\ic ileiisitij of the substance at 20” C.' 


The specific gravities of the vegetable and animal oils and fluid 
waxes at 60° F. (l.'l'.b” G.) range from alamt 0'879 in tbe case of 
sperm oil, to about 0’968 in that of castor oil, and although 
individual specimens of each description of oil are liable to vary 
somewhat-in .specific gravity, the limits of variation for each of the 
principal kinds of oil arc not wide and are pretty well known. 
Nonce, a knowledge of the specific gravity of an animal or vegetable 
jil is valuable, both as a means of identification and also in judging of 
she purity of a particular specimen. 

Mineral lubricating oils ra.ay also be classified according to their 
ipecifio gravities (sec p. 18.6), though this property is of secondary 
mpoi-tance in relation to their lubricating value, it i,s, however, of 
jreat importanoo iu distinguishing between mineral oils, on the one 
land, and rosin and coal-tar oils on the other. < 

Determination of Specific Gravity. —IVactically throe uiethodB are 
n use for determining the specific gravity of liquids, vh.. : -l. By 
lyhiometefs. 2. ■ By the eperific yramfy halance. 3. By liydrovietem. 
The 'first method is applicable to all liquids, however viscous, and is, 
iherofore, tlie m ost sui table for lubricating oil.s. The two l ist methods 
,re adapted only^ ioT liquids of very moderate viscosity, a*"' their 
•pplioaliility to lubricating oils is, therefore, limited. 


\See offer, third oditiou, p. 30. 
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The term ‘pyknometer Mncludcs any vessel in whi-h an accurately 
measured volume of a li<|uid can be weiglie<l; the kinds in common 
use arc the various forms of specific gravity ]>ottle and the Sprcngel 
tuhe. Of the former, the j)laiii form, with an accurately ground, 
finely perforated stopper, is most useful for doterminii}" the specific 
gravities of lubricating oils at ordinary temperatures; for higher 
temperatures, and for limited (|uantitics of material, the Sprcngel tube 
is more convenient and accurate. 

Bottle Method.—The specific gravity bottle with perforated .stopper is 
shown ill fig. 54. U can he obtained of various sizes, hut the most suitable 
for our ]>ur])ose holds, nominally, 25 grammes of water at 
F. Tht^ capiKuty marked on the lioUlc must not be 
accepted without verification, but the bottle miiHl be calibrated 
by ascertaining its weight, when empty, ami when filled witli 
recently hoiled ilistillcd water at Go" 3<\ 

To valihrate the hottlr.—Thv. holtle befoi*c Ixung weighed 
must first he thorongldy c.leaiieil, rinsed with water, ah-.ohc)l, 
and ether in ancc^essimi, ilien warmed, and dried by aspirating 
a current of air to dis])]ace the ether vaiiour. The bottle 
should not be strongly heated. Tlie stopiHT, also clear.^'d and 
dried, is inserted ; the iiottle is allow'ed to staml in a eool plaei* Fio. 54. 
for ten or fifteen minutes, then vvpreil wulli a clean soft rag and 
immediately weighed. Some pure distilled w'atcr is next boded vigorously 
for about five minutes in a ]ilntiimin or silver veEss^^*!, rapidly ''.ooled to OfF F., 
and carefully poured into the bottle, avoiding the introctuction of air bubbles. 
The iiottle is iiunuidiately immersed up to the neck in .t ca^iacious basin of 
water at exac.tly G()“ F., and is allowed to stand at this temperature for 
a fe\v niinutj’s, the water in the K'wn Indiig fretjuently stirred with the 
Lhermomeier and maintained lionstant in teiniHwature. The sl.op]ier is then 
inserted in the bot tle, well lieilded into its seat, and the .surjdua water which 
has exuded througli the ]K‘rfoi‘atioii wijied ofl. If, now. tlie tem]>eraturc of 
the water is the same inside and outside the bottle, tiie capillary in the 
stopper will remain exactly full, and there wdll lie neither contraction nor 
exudation of water. When this is the case, the brittle ishfted oi't of the water 
in the basin, and slowly immersed ^ in water several degrees colder, which 
will cause the water in the bnt.tle to eontmet and empty the capillar)'; the out¬ 
side of the l) 0 ttle can now he wiped quite <lry and weighed before the water 
has lime to expand ami exude from the bUippcr. Pnjfiicate weighings, if 
carefully made in the manner directed, will not differ by more than two or 
three tenths of a milligramme. At least tw'O weighings should be made. 
The bottle is then drier I and ;igain weighed emiity. The weight should not 
differ frtun the previous v eight of the empty bottle bv more than 0’6 
milligran^ic. The difference beUveeii the mean weight of the bottle when 
full and empty isdhe water cajiacify oj the hoftle at 0(f F. This seldom 
needs to he redetermined; but the empty bottle should be frequently 
rew’eighed, as it may become scratched or chipped in use. 

To determine f/u: specific yh city o/^oil at 60"' F .—About 50 c.c*. of the oil 
are poured into a small lipped beaker, stirred with a thermometer, most 
carefully avoiding the introduction of air bubbles, and brought to exactly 
60" immersing the beaker in water 2 or 3 degiv^.Vk»5ove or below that 
temperature. The bottle is then filled quite full of the oil, without intro- 

^ Rapid immersion, by causiug the bottle to contract first, expels some liquid 
from tlie stopper. 
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flucinf; any air Vitihles, iinmereed up to the neck in water at 60° F., the 
slopiitjr Joose.ly inserted, <‘-ansiijg the excess of oil to overflow iiiUj the haHin, 
and then, after waiting about five minutes, bedded firmly into its place, 
the excess of oil being wi]icd off the top of the eto])per. Having ascertained 
that the temjjeratiirc is correct, and that the oil is neithei' expanding nor 
sontracl-ing, the bottle is cooled, wiped clean and dry, and weigned, exactly 
ifi in calibrating the* bottle with waU‘r. By subtracting from the total 
weight the tare of the empty bottle, and then dividing the dillerence by the 
water capacity of the hottlc, the specific gravity of the oil at 60“ F. is 
obtained. The tliermomo-Lcr used niuet be verified by comparison with a 
itandard instrument. ^ 

Glijcerin and very visanis liquids which cannot be poured int(» tbe'narrow 
leck of the bottle niay be manipulated a.s follows:—The jet is ort off a 
30 C.C. pi]>ette, iiiahing the delivery nozzle the full IwiMif the tube, and l.he 
Iry pijie.tte is filled witli the liquid. The nozzle of the jiipelle having 
)een wiped outside, is then inserted into the specific gravity I>ottle nearly to 
.he bottom, and the Ii([uid is allowed to <{uietly floM" out. In this way, the 
mottle may be easily filled without the introiluction of a single air bubble. 
The bottle, whilst being filled, is held down in water at the required teiu]>era‘ 
aire, and, wlion full, the .stx^pper is inserted, and the bottle is allowed to stand 
n the water at constant tAuperature until expansion or contraction ha.s 
jeased. Tlie excess of fluid is then remo^'ed from the stop]>er, the bottle is 
;ooled, wiped clean and dry, and weighed. 

Sprengel Tube Method.—SjuvjigePs very useful pyknoineter has the farm 
of an elongated Uj the arms of which terminate in two 
cajiillary tubes winch arc bmt^t right angles in opposite 
dire.ctions. One of the capillary tubes has a very fine bore 
and IS drawn down to a point, the other ha-s a wider bore, 
about 0’5 mm. in diameter, and is not drawn down. 

hi filling the tube, a .small gliu» bulb, with a piece of 
narrow rubber tubing attached U it, is fixed on to the 
narr(Hver caiiillary by means of a ptudorated rubber stopper, 
and tlie wider capillary is di]iped into the oil, which is 
then drawn into the tube by suction applied to the rubber 
l.phe, the glass bull) serving as a vacuum chamber. This 
is tfie method described by Sprengel,* but with liquids of 
moderate viscosity the glass bulb may be dispensed with, 
and viscous liquids can usually be reduced in viswaily by 
warming, so as to be easily drawn into the tube. VVhen 
tidl, the tube is detached from the bulb and sii.spended in 
a lieaker of water, a.*, .shown in fig. f)5, and tne temperature 
of the water is maintained constant, with frc.juent stirring, 
until the liquid has ceased to expand or contrai l It is 
mos!. convenient to arrange the temperature of tiie liquid 
in the tube so tha* tshall ex^iand, and the liquid i*absorbed 
by a strip of filter paper until it ceascstlo exude fiom the 
capillary orifice. The tuln* is then lifWd out of the water 
by means of a small brass wire hook, and immeive<i for a 
short time in colder w^ter, so aa to contract tlu liquid and 
emiity the capillaries. It is tli«n wiped and weighed. 

Tia. 55. niovementof the liquid in exj.iandingor * .jntracting 

•taRTplacc, as a rule, entirely Uiroiigh the wider Sn^’^iary, 
rhere there is least resistance. The narrower capilla^'y, when full, generally 
emaiiis so, and no liquid is expelled from it unless expancion occurs very 
• * Jour. C^em. Soc.j 1873, p 577. , 
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rapidly. If it is necessary to introduce liquid into the pyk.iometcr, owing 
to contraction having occurred, a droj) in the end of a glass tuhe applied U. 
the point of the. narrow capillary will he drawn in. 

The water capacity of this pyknometer is determined as in the ca.se of the 
bottle, and having been done with great care need seldom be redetermined, 
but the empty tul«> should he reweighwl ocoasionally. 

At 212‘ A’. ( — 100° C .).—For determining the sj). gr. of oils at the boiling- 
point oi' Wilier, which for all practical purposes may be assumed to be 
212° F., the neck of a 40-oz. flask is cut (lown as shown in fig. 56, and two 
^posite nicks arc filed in the neck to receive the arms of the Sjirengel tube. 
The flask is filled to the (lejith of about two inches with hot water, a few 
fragnients of jiumice arc thrown in, and the water is made to boil vigorously. 
The filled Sprengel tube is then Buspended in the steam, and the open neck 
of the flask is covered by a watch gl;iss. As soon iis oil is no longer expelled 
from tile Lube, the ends of the capillary iirms are wlpcil with filter paper 
and the tube is lifted out of the sU-um, cooled by immersion in cold 
water, wiped find weighed. Tins i.s the moat convenient method of 



Fm. 66. 
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determining tlie siiecific gravities of fatty acids and fats which are solid at 
the ordinary temperature. 

Sprengel tubes iiiay bo made to hold iis little as I c.c., and, with care, the 
results obtained witli u delicate balance are siirprisin^lv accurate. Such 
small tubes are sometimes ii.^iul for determining the specific gravity of the 
Binall quantities of fatU acids obtained by saponifying mixed oils in tlie 
proceM of analvsi.?. Si>rengel pyknometer.s are speei.ally adai.ted for w-ork 
Witfi liot liquids, as tliey need not, like bottles, be liand’lcd, ,and their shaiie 
Muses the temperature of the contained liquid to become quickly adjusted. 
Ihe uioveiueiit of the liquid in the delicate capilhiry tubes iii(Jicnte..s the 
atigiitest variation of temperature. The only drawback is the tedious 
iiauiro of the filling and emiitying operations with viscous liquids, but 
this may be largely overcome lo warming the liquid so as to reduce the 
viscosity. 

Westphal Balance Method.— The ^Weetplial specific gravity balance (fig 
of the steelyard type construct'd' th indicate the 
gpecihdV^ity of a liquid by the relative loss of weight of a plummet of 
Known displaceineiit when suspended in the liquid. Tlie complete iiistru- 
ment consists of the balance proper, the glass thennometervniummet. tho 
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iinincrsfon pyli^der, and two exactly similar st^ts of foxir rider weights, the 
largest rider of each set having the sjune weight as the water which the 
idummet disjdacen at 60”, the next rider having one-tenth of this weight, 
the third onc-hnndredth, and the fourth oiie-thonsandth. The heain is 
divided hy notches into ten exactly equal parts, the notclies lieing jioints of 
suspension for the riders and nninhcred conseentively from 1 to 9, 

The hulance is si-t U]> iTi a place free from drauglits, and is adjnsUal hy 
means of the levelling screw in the fo«»t,so that when the beam is oscillating 
with the ]»lumniet snspeuded in air the index finger at the short end of the 
beam will come l.o rest exactly opposite, to the ]X)int. If the pliiniinet 
he now suspended in water at 00" F., assuming that the instrument is 
intended for use at that Umiperattirc, cquilihrimn will he exactly restored 
by sus])en(ling one of the largct<t ndiTB from the same li(H>k as the plummet, 
indicating a spe<'.ific gravity (»f I'O. But if the liquid he of specific gravity 
0'90, e(]uilihnum, will he nwl^rcd hy .sns])cnding the same rider from iiotcli 
No. 9; if the specific gravity be 0*92, the next laigcst rider also must be 
su.sjiended from notch No. 2 ; if the specific gravity he 0*922, the. third rider 
must, l;e hung from the second ; and if the sjiecific gravity he 0*9225, the 
smallest rider must he hung from iioUli No. 5. Tlius, the 8{>ecific gravity 
of any liquid is shown at a glance to four decimal places by tlie iKwitions of 
the riders on the beam, the largest rider giving the first decimal place and 
tlie other riders the remaining places in order. 

Every instrument ]nirchascd niust^ lieforo use, Ikj verifio<l hy measuring 
carefully the distances between the fixed points along the beam, which 
should not vary more than one-tlioiLsandth j«,rt. 1’lie jdummet inuet also 
be weighed in air and in water at 60" K., on ag^ tmlinary balance indicat¬ 
ing 0*1 milligramme, and the water displaced hy the ])lumiiiet must weigli 
the same as tlie largest rider of each act, the other riders varying in decimal 
proportion. The following table hy Stock shows the» variations met with 
in the riders of a Westjdial balance by u j^iod maker, tlie numbers in the 
third column showing that the maximnm deviation from unity did not 
exceed 1 unit in tlie fourtli ilecinial place, which is a satisfactory agreement. 

Tahle XXXVII.— Showing Vahtations in Pidicrs. 


- 

-' - - 

- - 

Ruler Number. 

Weifrlit in Air. 
(irammes. 

Relation to Unity. Plmmnet I>is- 
placementsC-4S Grammes. 

1 

«-4806 

1-00007 

la 

6-4796 

•99992 

2 

•6482 

•10003 

2a 

•6483 

•10004 

3 

•0605 

•01010 

3a 

•0665 

■ -01010 

4 

•0070 

•00108 

»4a 

•0071 

‘ 

•00109 


With a weli-macf^mslrument, the probable error of a spiicific gro^^ity deter¬ 
mination will not exceed two or three pointa in the fonrtJi decimal jiiatie with 
a liquid of low viscosity, such as water or even sperm oil, but tlie viscosities 
of most lubi-v^ting oilsBt ovdinary temperatures oppose so much resistance 
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to the movement of the plummet that the prohahlc error becomes imich 
greater. At. Fsnfficiently elevated temperatures the vificositie.=« of oils become 
so much reduced that the Westphal balance may !>•' used for both oils and 
fats, provide(l proper allowance be made for the expansion of the plummet. 

To determine the sp. gr. of a melted fat at C., for example, with an 

ICK) 

inatriunent construfited for use at some other temperature, we may proceed 
in the following mannerFirst determine hy means of tlie l>alanco the 
aiiparenl sj). gr. of water at 10()° C.,=x, and then the apparent sp. gr. of 

the oil iP lOO" C., = j/; tho.n.^, with the appropriate correction for vacuo 

added on (p. 180), is the true sp. gr. of the oil at 100” C. This result x 

0’0f)860 fthe density of water ,at 100" C.) is tlie density of the oil at C. 

P'ig. OS shows Carter Hell’s method of using the. balance for determinations 
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at 100” 0., D being a glass tnl>e con'aining the oil or melted fat, C a bath 
of paraffiiFwax, and B the water-jacket. IMie tube for the escape of steam 
should 1)e prolonged iipsvards, well above the beam of the balance. A 
snecial plunimot may l.e rwjniied, as the thermometer of the ordinary 
p'lummet has only a limited rnoge. 

Hydrometer Method.—Of ali methods for ascertaining the specific gravities 
>n liquids this is the most rapid, and provided the instrument used is 
corrcr.ilyjigraduated, or its error exactly known, very acciftate results may 
he obtained hy it with liquids of low viscosity. But no hydrometer can he 
depended upon unless it has been tested by floating it in two or more 
liquids of which the specific gravities have been determined by means of 
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the pyknonieter. From the difFerencee (if any) between the true, an 
observed values, a table of errors may be constructed for any fairly goo 
instrument, by which the readings may be corrected. When the viscosity c 
the liquid is great enough to seriously impede the free movement of th 
hydrometer, as is the case with most lubricating oils at ordinary tempera 
tures, the probable error of the method is greatly increased, and in sue] 
cases the hydrometer should only be used where speed is of chief im])ortanc 
and accuracy a secondary matter. 

Hydrometers may he divided into two classes, viz., those giving specifi 
gravities directly, and those graduated with arbitrary scales. Hydrometer 
of the former class may be purchased of almost any size and range, and al 
hydrometers must he used at the temperature for which they have heei 
constructed. 

A large number of instruments having arbitrary scales are in use. On 
of the most common is Lefebre’s oleometer. It is intended for use at 15“ C 
The stem is graduated in degrees, numbered from 1 to 38, and opposit 
some of them are the names of certain oils. If immersed in rape oil, i 
will sink to the 15th degree, against which the name rape oil appears ; ii 
linseed oil it will sink to the 35th degree; and so on. These numbers 
increased by 900, are the specific gravities of the oil compared with wate 
= 1000. Table XXXVIII. contains a list of hydrometers, the temperatun 
at which each is intended to be used, and the formula for converting tin 
degrees into specific gravities.' 

Alcohol Method.—The foregoing methods are not directly applicable ti 
solid fats and waxes, but with the aid of a device first suggested by Freseniui 
and Schulze, they may be made so. This cousist^i preparing a mixture o: 
alcohol and water in which the solid substance neither sinks nor floats, anc 
taking the specific gravity of the liquid. The same method is obviouslj 
applicable to liquid oils, and is often conveniently employed for ascertaininf 
the specific gravity of the small quantities of hydrocarbon oil isolated in tin 
process of analysis. 

If a solid substance is being experimented with, it may be prepared foi 
the test in the manner recommended by Allen and Chattaway. The fat oi 
wax is melted at the lowest possible temperature and allowed to solidify 
spontaneously, without artificial chilling, in a flat-bottomed cajisule or watch 
glass. Smooth fragments are then cut from it with a knife or cork borer 
In the case of some fats which contract greatly on solidification, such as palm, 
nut and coconut oils, it is absolutely essential to allow the substance k 
solidify by standing over night before taking the specific gravity. One oi 
the fragments thus obtained is held under the surface of dilute alcohol, by 
means of forcep.s, and carefully freed from adhering air-bubbles by means oi 
a camel-hair brush. The siiecific gravity of the alcohol is then adjusted 
by adding either stronger or weaker alcohol (not water, because of the air- 
bubbles formed on mixing) until the fragment remains suspended anywhere 
in the liquid. The specific gravity of the diluted alcohol is then detennin^ 
by the hydrometer or the Wcstphal balance. Of course, the final iidjnstmcnt 
of the alcohol must be made exactly at the temperature at which th.; specific 
gravity of fhe substance is required to be known. 

, Keduction to the Vacuum.—'J’he apparent weight of a body in air 
is less than the^truo weight by an amount equal to the weight of air 
displaced by tho body. As this is true of the weight!; as u'fcl'-'vs of 

' See Dittmarj Chemical AriUimtiic, mrt i. p. 78 ; also Scllaedler, Trchnoloaie (Ur 
VtUe und 73. . 
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Tahle XXXVriI. —Fobmui.a; pob Convkrtiuo HyijIiOJIktrr 
Dk^irkes to Si-EciKii; Gravivibs. 


Hydrumoter 

1 

i Teniperftture. 

For Li<|nUlft 
heuvim- than 
Wutcr. 

For Lititiids 
lighter Uian 

Water. 

Balling, 

iT'.r 

C. 200 

‘ 200-n 

200 

'■ -200 + 11 

Bcaiime I., . 

i 

1 i2-r)"c. 

14.5-88 

^ 145-88 

' “ 145-88-n 

1 

145-88+ (ii-10) 

Beaiuiie IT., 

15” a 

is= '«•=’ 

j 144-3-n 

144-3 

144-3+ ^n-10) 

11T., 

17-f>” 0. 

i „ 146-78 

“■"146-78-u 

„ 146-78 

146-78 + (n-10) 

]>('ck. 

[ 

i 12-.r 0. 

® 170-n 

o 170 
’ 170+11 

Brix, . . . ; 

j 12-.5’ B. ) 

( If.-GSS” C. f 

400 

“400-n 

„ 400 

‘ “ '400 + n 

Cartier, 

12-.5° C. 

„ 136-8 

126-1-n 

o 1.36-8 

” 126-1+n 

Fjsclier, . , i 

( 12-5“ K. i 

J 1.5-e2.5° 0. s 

400 

’ ~ 400-11 

400 

"400+n 

1 

Qay-Lussau, . ! 

4° (!. 

a 100 

“100-n 

100 ■ 

“"100 + 11 

E. Or. Oi-eiiier, 

1 12-5” R. j 

115-625° C. (! 

400 

“400-n 

400. 

400+n 

Stoppani, 

jl2-.5“R. ) 

1 15-025” 0. ( 

„ 160 
16(")-li 

o 160 

160 + n 

• 

Twaddle, 

’ 1 

. i 

00” F. 

„ n+200 
^^=■^00“ 


*' '•*' 1 

(y-= Centigrade. 
F a=FaUrenaeit. 
R~ Reaumur. 

, • 

S=specific gravity, 
u — degrees. 

• 
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the hodj’ wciglied, if these happen to he the same in specific gravity, 
and, tliereiore, e<pial in volume, the error on one side of the scale 
halanoos that on the otticr. But, when the Ixaly weighed is water and 
the weiglits are of lirass, about 8'5 times heavier than water, the 
volumes are nearly as 17 : 2, and, therefore, the apparent weight of the 
water is loss than the true weight hy an amount equal to about Jfths 
of the weight of air dis]dace<l hy the water, and the apparent weight 
of any other liquid equal in volume to the water is short of the true 
weight hy a like amount. Therefore, if W and id he the ap])arent 
weights of the water and the liquid rospcetivelj’, and if W 4 j: be the 
true weight of the water, then + x is the true weight of the liquid. 


and the real speeifii: gravity of the liquid is not:^ but a; is 

n W 4 a; 


always very small, and when W and to are nearly the same, i.c. when 
the specific gravity is near unity, ixs in the case of most lubricating oils, 
the error amounts to only one or two points in the fourth decimal 
place, and may be neglected. But, in determining the specific gravity 
of a mixture of glycerol and water for the puiqiose of ascertaining the 
viscosity by means of the tables on pp. liO-l-t.l, the correction 
must be applied. As the weight of air varies with the tcmporatiiro 
and proissure, the correction is not always e.xactly the same, but 
unless an error of ± -OOOO.o is too great (wli^i is not the c,ase here), 
the following table - will give the necc^ry con-cetion without 
calculation:— 


Taki.e XXXIX.—OoRnBCTioN for Rkdikf’ion ok .Specific 



Gravity to 

A Vacodm. 


Sp. gr. found. 

Oorreution to 
be added, i 

1 

Hp gr. found. 

(/orrectlon to 
be added. 

0-76 

4 0'(I00.31 j 

105 

- o'ooooe 

0-80 

4 0-00025 1 

I'lO 

- 0-00012 

0-85 1 

4 O'OOOIS 1 

115 

- 0-00018 

0*90 ! 

+ 0*00012 j 

1-20 

- 0-00025 

O'M j 

4 o'ooooe j 

1-25 

- 0-00031 

I'OO j 

1 

+ 0*00000 1 
i 

1-30 

- 0-00037 


Change of Standard (Determination of Density).- To reduce 
till' specific gravity of an oil or otljiir liquid, compared witii water at 
C f‘. as standard, to the specific gravity compared with water at 4° C. 
ns standard to ascertain the of the liquid at f —all that 

■ Alder Wiiglil, “ Oii“Fluid Siiecific Gravities,” Jour. Soc. Clteni. Imi.. xi 
(1892), j). 297.* 

“ iIitlaittr,V//e;M£c-ai Arilh'/fielic, vol. i, p. 111. 
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is ncoesaary ia to multiply the apecific giuvity at t° by density of 
water at f which is given in Table Xf<.' 


Tahlk XL, —Densities of Water at 4° C. (39'a“ F.) to 100° 0. 
{ai2° h’.). (Roselti.) 


'• 



1 

t. 

• 


'• 



Oenalty 

D. 

Diff. 



Density 

Ditr. 





1 


1). 



c. 

' K. 



■ c. 

" K. 



“ c. 

' V. 

4 

39-2 

1-00000 


' 36 

96-8 

•99.383 

-36 

37 

37 

38 

38 

39 

40 

40 

41 

41 

42 
44 

68 

154-4 

5 

6 

7 

41 

42-8 
44 6 

•99999 

97 

93 

4 

4 

37 

38 

39 

98-6 

100-4 

102-2 

47 

10 

•99273 

69 

70 
T1 

156-2 

158 

159-8 

8 

46-4 

89 

40 

104 

35 

72 

161-6 

9 

48-2 

82 


' 41 

105-8 

•99197 

73 

16,31 

10 

50*0 

75 


42 

1076 

.58 

74 

165'2 

11 

51-8 

66 

11 

12 

13 

14 
16 
16 
19 

19 

20 
21 
22 
23 
23 
26 
25 
27 

27 

28 
28 
30 

43 

109-4 

18 

75 

167 

12 

13 

530 

55*4 

55 

43 

44 

45 

111-2 

113 

•99078 

37 

76 

77 

168-8 

170-6 

14 

57-2 

30 

46 

114-8 

•98996 

78 

172-4 

15 

59 

10 

47 

116-6 

54 

79 

171-2 

16 

60-8 

(X) 

48 

118-4 

10 

80 

176 

17 

62-6 

■99884 

49 

120-2 

•98865 

46 

81 

177-8 

18 

64-4 

65 

50 

122 

19 

82 

179-6 

19 

66-2 

46 

51 

123-8 

•98772 


83 

181-4 

20 

68 

26 

52 

126-6 

25 

48 

48 

48 

47 

48 

49 
49 
.50 
52 

84 

183-2 

21 

09-8 

05 

53 I 

127-4 

•98677 

85 

185 

22 

71-6 

■99783 

54 

129-2 

29 

86 

i86-8 

23 

73-4 

60 

56 

131 

•98581 

87 

188-6 

24 

75-2 

37 

56 

132-8 

34 

88 

190-4 

25 

77 

12 

1 67 

134-6 

•98486 

89 

1.92-2 

26 

78-8 

•99687 

; '>8 

136-4 

.37 

90 

194 

27 

80-6 

60 

59 

1.38-2 

-98388 

91 

195-8 

28 

82-4 

33 

60 

140 

3b 

02 

197-6 

29 

84-2 

05 

, 61 

14I-8 

•98286 

93 

199-4 

30 

86 

■99577 

62 

143'(i 

34 

52 

54 
.5-1 

55 

55 

56 

94 

201-2 

31 

87-8 

47 

63 

145-4 

•98182 

95 

203 

204-8 

206-6 

32 

33 

89-6 
91 -4 

17 

•99485 

30 

32 

33 

34 

35 

61 

65 

147-2 

I49-(. 

28 

•98074 

96 

97 

34 

93'f 

52 

66 

1.50-8 

19 

98 

208-4 

3r, 

96 

18 

, 67 

152-6 

•97964 

99 

100 

210-2 

212 


DunBity 

1 ). 


•97908 

■978r)l 

■07794 

3f. 

97G77 

18 

',97558 

•97498 

38 

•97377 

16 

•97255 

•97194 

32 

•97070 

07 

■96943 

■96879 

15 

-.96751 

■96687 

99 

•96566 

•96490 

23 

•96356 

•96288 

19 

96149 

•96079 

08 

•95937 

•96866 


At 60° F., D=0-99907. 
. 70° F.,D=0-99803. 


At 100° F., D = 0-99317. 
150° F., a= 0-98044. 


Dill. 


-57 

57 

58 

59 

59 
GO 

60 
60 
61 
61 
61 
61 
62 
62 

63 

64 
64 
64 
64 

64 

65 

66 
66 
67 

67 

68 

69 

70 

70 

71 
71 
71 


^ Taken, witli slight sltei’atioue, from Dittiaar’s Chemical Arithmct-kt vol. i, 
p. 107. 
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ExAimpU .—The .sp. gr. of a mixture of glycerol and water at C. was 

found to b*! 1'1848; therefore, the sp. gr. at^^^C., f.e. the density of the 

4 

liquid, is 1*1848 xO-99826 = M828. 


Alteration in the Densities of Lubricating Oils produced by 
Change of Temperature.—In order to determine the viscosity of a 
liibriciiting oil at any temjiorature, it is necessary to know the density 
of the oil at that tc!ni)eraturo. At either 60° F. (15’5,' 0.) or 
212° F. (100° C.) it is easy to determine the density, hut at inter¬ 
mediate temperatures it is not always easy. 'Phe density may, 
however, be calculated nearly enough, when the densities at 60° F. 
and 212° F. are known. 

In 'J’able XLI. are given the densities at (i0° F. and 212° F. of a number 
of lubricating oils, with the average diUerenccs for 1° F. and 1° C. It 
will l)e noticed that these diflerenccs are very nearly the same for all oils, 
and it is jmssible, without mtie.h error, to calculate the density of an oil at 
any given temperature lietween 60" F. and 212° F., if we know the density 
at 60" F., by means of the following formula:— 

U=d-/rf 

Wliere, d=the density of the oil a^0° F. 

/•0-0003G8 for a fixed on. 

0’000,367 for a Scotch luiiieral oil. 

. ~ 10-000;J4.'> for a Ruasian mineral oil. 

lO'OOOafiO for an American mineral oil 
(—the number of degrees above 60° F. 

D = the required density. 

Tile following exam])le.s show the degree of accuracy thus attainal)lc :— 


1. iilapc Oil. 

Density at G0° F. (determined) ===09151 

Density at 100“ F. (ialnulated)=0-9151 - 0-000368 x 40 = 0-9004 
Density at 100° F. (determinetl) =0-9002 

Density at 1.50” F. (calculated)=0-9161 -0-000368 x 90 = 0-8820 
Density at 150° F. (determined) =0-8818 

♦ 


2. Avurican Cylinder Oil. 

L 

Density at 60° F. (determined) ' =0-88.58 

Density aP100° F. (calculated)=0-*8858 - 0-000360 x 40 = 0-8J18 
Density at 100° F. (determined) =0-8llo 
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TaBLK XLI.—TaULK BHOWING THE ALTERATION IN LjJNSITY OF 
Lubricating Oils caused by Risk of Tkmi'EBature {Archbutt). 


Deacription of Oil. 

Density at 

DilTertnce per One 
Degree. 

eip V. 

15 5 C 

212- F. 
100* C. 

Kahr. 

Cent. 

find Vftfefahh Otis. 

Hpcrm oil,. 

Olive oil. 

Kapc oil. 

Tallow,. 

Castor oil,. 

Neutral wool lat, 

0-87828 
0-01.5So 
0-915(16 
0-87840 
at 160' P. 

0 96-240 
0-91370 

0-82290 

0-8f.962 

0-8.5948 

()-85572 

0-90500 

0-89092 

0 *000364 
0‘OiX)370 
0-000365 
0-000360 

0*000378 

0-000307 

0-000656 

0-000666 

0-000(i69 

0-000680 

0-000G69 

0-000660 



Average 

0-000368 

0-000063 

Sfoick Mhifral Ods. 

. 

‘MM,’ . ... 

()*8682b' 

0-89054 

0-81160 

0-83560 

0-000373 

0-0003B1 

0-000671 

0 000651 



AvBr.age 

0-U00367 

0-000661 

Galician Mineral Oih, 
liigbl (pale) machinery oil_, 

Heavy (pale) machinery oil, 

0-88854 

0-89610 

0-83388 

0-84322 

0-000359 

0-000348 

0-000646 

0-000626 



Average 

0-000354 

0-000636 

linssia^i Mineral Oih. 

Light machinery and spiudle oil. 
Medium (pale) niachinvry oil. 

Heavy (pale) engine and machmeiy oil, 
Heavy (dark) axle oil, . . 

Extra heavy (pale) engine ami 
machinery oil, .... 

0-89782 

0-90960 

0-90850 

0*90930 

0-90852 

0-84420 

0-85684 

0-8568*2 
0-85092 

0-85682 

0-000353 

0*000347 

0*000340 

0-C00344 

0-000340 

0-000635 

0-000625 

0 000612 
0-000619 

0*000612 



Average 

0-000345 

0*000620 

Amerienn Mineral Oils 

Spindle oil (‘Pale 8S5’), . 

„ ,, (‘Pale 860/70. 

Light machinery oil (* 900/7 ’) . 

‘ Globe’oil (dark), . . . • 

Light machiuery oil {' 005/10 ’), 

' Solar red ’ engine oil, 

‘ Bayonne ^engine oil, 

■ Spocir'l re«r engine oil, . . 

j Medium (dark) inaoliinery oil, . 

I ‘Galena’axle oil, . . • • 

Heavy (pale) machinery oil, 

Filtered cylinder oil (‘Valvoline . 

„ „ „ (‘F.F.F.’). . 

Lark cylinder oil (‘A ), . 

M ^ • 

,, ('Locomotive ), 

Gark filtered cylinder oil (‘ N '), 

0-88436 
0-86766 
0-90(182 
0-88019 
0-90.540 
(>-91020 
0-91132 

0 93493 
0-88390 
0-90790 
0-90124 
0-88916 
T)-88982 
0-89908 
' 0-89832 
0-89974 
0-90942 

0-82978 

0-Sl,-i84 

0-84694 

0-827-26 

0-86-2.58 

0-8{i242 

(1-85790 

0 88172 
0-8-29)0 
0-85.5.52 
0-84930 
0-83769 
0-83932 
0-84414 

0 84440 
0-84732 
0-85556 

0 •000359 

0 000354 
0-000354 
0-000348 

0 000347 
0-000354 
0-1,10(1851 
OOOOSf'O 
0-000361 
0-000345 
0-000342 
0-000338 
0-000332 
0-000361 
0-000361 
0-000345 
0-000354 

0-000647 

0-000638 

0-0006D8 

0-000627 

()-000626 

0-0001137 

0-000633 

0-000630 

0-000649 

0'000621 
0-f(006l6 
0-000609 
0-000598 
0-000661 
0-000660 
0-000621 
0-000637 

. 


Average 

0-00a?60 

0-000631 
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Tadle XLir. —SpKcmc Gravities at 60 " K. (IS-n" C.) oi? some Pixed 
Oils, Fats, Waxes, etc. 


Clans. 

Name o' Oil, ote. 

; Specific Gravity 
! at 00" F. 

Vfffetublc N(m-(Jryltig 
Oils and Kata 

t)Iive oil, . . ... 

Olive kernel oil, . ... . 

Hazel nut oil,. 

Den oil,....... 

Araehis (earthnnt) oil, . . . . 

Castor gil, ... . . 

Japan wax. ...... 

(^•{•omitoil (neutral), . . . . 

I’almnut oil ( . 

Palm oil, ...... 

Cottonseed stearin, .... 

/ 0-9U -O-Ol? 

\ Karely o-yiS 
1)918 -0 Ob) 
0-‘J16.0-917 
0-912 -0-920 
0-911 -0-026 
O-OfiO -0 968 
0-970 o-99:i 

0 959 

0-978 

0-921 -0-925 
0-919 -0-923 

Vegetal»lc Scmi-ilryujg 
Oils. 

Tliipe oil, ..... 

Kavison oil, ...... 

Mustard oil (white), .... 

„ „ (Waek), .... 

CurcRH oil, . . ... 

Cottonseeii uil, ..... 

Mesaind oil, ...... 

brazil nut oil, ..... 

beech nut oil, , . . . 

Maize oil, ..... 

<!aiueline niJ, ..... 

0-9132 0-9105 
0-918 -0-922 
0-913 0-91G 
0-910 -0-019 
0-919 -0-021 

0 lUl - 0 9-20 
0-02J -0-9-2C 
0-91S -0-919 

0 920 0-9-2‘3 
()-921 -0-928 
0-020 -0-9-26 

Vegetable Drying Oils. 

Linseed oil, . . , . • . 

UempH«"ed oil, . , W . . 

Poppyseed oil, ..... 

Walnut oil, ...... 

Nigerseed oil, ..... 

.Sunllower oil, ..... 

0-931 -0 938 
0-9-25 -0-031 

0-024 -0-9-27 
0-926 -0 027 
0-925 -0-028 

0 924 -0-926 

Animal Dlln and I'uts. 

Neatfifoot oil, ..... 

Lard oil, ..... 

Horsefoot oil, ..... 

Tallow (mutton), ..... 

,, (beeOt. 

bone fat, .... 

Lard. ! ; 

Horae fat, ...... 

0-914 -0-919 
0-913 -0-019 
0-920 -0 927 
0-937 -0-963 
0-943 -tl 953 

0 914 -0-016 
0-931 -0 938 
0-910 -0-922 

^tarinu Animal Oils 
and Fluid Wa.'tes. 

Sperm oiIs(SouU)eni and Arctic), 

Porpoise jaw oil, ..... 
Porpoise body oil, ..... 
iJolj'bin body oil, . 

Whale oil. 

Seal oil, ...... 

Cod liver oil,. ..... 

Other fleh liver oils, .... 

Alenhaden oil, ..... 

Surdinc (including Japan Hah) oil, . 

0-879 -0*884 
0-026 

0-9JM -0-935 
0-927 

0 910 -0-.927 
0-924 0-927 
0-922 -O-OdS 
0-91(1 -0-931 

0-»‘>7 0 933 
0*916 0-934 

Waxes (snlid), 

L. . 

Wool fut, cru ’e (18-4 free fatty adila), . 

It n (neutral), 

Spermaceti, ... . . 

beeswax, .... 

Carnauba wax, . . . ! ! 

0 9.54 

o-9'-5 0-960 
0-9r>(J -975 

0-990 -0-999 

blown Oiln. 

blown raiie and raison oils, 
blown oottoiiaced oil (‘ Lardinu '), . 

0 965 -0-972 
:-W)7 -0-086 

Miicellaneoun. 

Vaaelme, 

Paramn wax (according to melting point), 
Ccraain (refined ozokent) 

Colophony, .... 

O-8M^^9O0 
0-824^940 
0-918 -0-022 
1-045 -1-108 


t 
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TaBLK XLI.—TaULK BHOWING THE ALTERATION IN LjJNSITY OF 
Lubricating Oils caused by Risk of Tkmi'EBature {Archbutt). 


Deacription of Oil. 

Density at 

DilTertnce per One 
Degree. 

eip V. 

15 5 C 

212- F. 
100* C. 

Kahr. 

Cent. 

find Vftfefahh Otis. 

Hpcrm oil,. 

Olive oil. 

Kapc oil. 

Tallow,. 

Castor oil,. 

Neutral wool lat, 

0-87828 
0-01.5So 
0-915(16 
0-87840 
at 160' P. 

0 96-240 
0-91370 

0-82290 

0-8f.962 

0-8.5948 

()-85572 

0-90500 

0-89092 

0 *000364 
0‘OiX)370 
0-000365 
0-000360 

0*000378 

0-000307 

0-000656 

0-000666 

0-000(i69 

0-000680 

0-000G69 

0-000660 



Average 

0-000368 

0-000063 

Sfoick Mhifral Ods. 

. 

‘MM,’ . ... 

()*8682b' 

0-89054 

0-81160 

0-83560 

0-000373 

0-0003B1 

0-000671 

0 000651 



AvBr.age 

0-U00367 

0-000661 

Galician Mineral Oih, 
liigbl (pale) machinery oil_, 

Heavy (pale) machinery oil, 

0-88854 

0-89610 

0-83388 

0-84322 

0-000359 

0-000348 

0-000646 

0-000626 



Average 

0-000354 

0-000636 

linssia^i Mineral Oih. 

Light machinery and spiudle oil. 
Medium (pale) niachinvry oil. 

Heavy (pale) engine and machmeiy oil, 
Heavy (dark) axle oil, . . 

Extra heavy (pale) engine ami 
machinery oil, .... 

0-89782 

0-90960 

0-90850 

0*90930 

0-90852 

0-84420 

0-85684 

0-8568*2 
0-85092 

0-85682 

0-000353 

0*000347 

0*000340 

0-C00344 

0-000340 

0-000635 

0-000625 

0 000612 
0-000619 

0*000612 



Average 

0-000345 

0*000620 

Amerienn Mineral Oils 

Spindle oil (‘Pale 8S5’), . 

„ ,, (‘Pale 860/70. 

Light machinery oil (* 900/7 ’) . 

‘ Globe’oil (dark), . . . • 

Light machiuery oil {' 005/10 ’), 

' Solar red ’ engine oil, 

‘ Bayonne ^engine oil, 

■ Spocir'l re«r engine oil, . . 

j Medium (dark) inaoliinery oil, . 

I ‘Galena’axle oil, . . • • 

Heavy (pale) machinery oil, 

Filtered cylinder oil (‘Valvoline . 

„ „ „ (‘F.F.F.’). . 

Lark cylinder oil (‘A ), . 

M ^ • 

,, ('Locomotive ), 

Gark filtered cylinder oil (‘ N '), 

0-88436 
0-86766 
0-90(182 
0-88019 
0-90.540 
(>-91020 
0-91132 

0 93493 
0-88390 
0-90790 
0-90124 
0-88916 
T)-88982 
0-89908 
' 0-89832 
0-89974 
0-90942 

0-82978 

0-Sl,-i84 

0-84694 

0-827-26 

0-86-2.58 

0-8{i242 

(1-85790 

0 88172 
0-8-29)0 
0-85.5.52 
0-84930 
0-83769 
0-83932 
0-84414 

0 84440 
0-84732 
0-85556 

0 •000359 

0 000354 
0-000354 
0-000348 

0 000347 
0-000354 
0-1,10(1851 
OOOOSf'O 
0-000361 
0-000345 
0-000342 
0-000338 
0-000332 
0-000361 
0-000361 
0-000345 
0-000354 

0-000647 

0-000638 

0-0006D8 

0-000627 

()-000626 

0-0001137 

0-000633 

0-000630 

0-000649 

0'000621 
0-f(006l6 
0-000609 
0-000598 
0-000661 
0-000660 
0-000621 
0-000637 

. 


Average 

0-00a?60 

0-000631 
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a—FLASHING-POINT. 

All lubricating oils when sufficiently heated give off vapour. The 
‘fiashinij-pmnt ’ is the temperature at which tlie amount of vapour 
given off is sufficient to form an inflauuuable or mildly explosive mix¬ 
ture with the air over the surface of the oil, so that on the application 
of a flame the gaseous mixture ignites and burns with a momentary 
flash. As the temperature of the oil rises, more vapour is given oft’, 
and when the prodnetioii of vapour is rapid enough to maintain a 
continuous flame, the oil takes fire .and burns ; the temperature 
at whieh this occurs is called the ‘ firing-point,’ ‘ fire-tost,’ or ‘ burning- 
point’ of the oil. Tlio determination of these points, more especially 
of the flashing-point, is of great importance in the examination of 
lubricating oils, bec.anse oils of low flashing-point are unsafe, to u.se. 

An important difference exists in the behaviour of the two classes 
of lubricating oils when heated. The fixed (animal and vegetable) 
oils do not evaporate, and no vaponre are given off (except, possibly, 
traces of moisture) on heating them, until the oils begin to decom;)Oso ; 
the vapours then given off are products of the destructive distillation 
of the oil, which reijuires a fai”ly high temperature to bring it about, 
and consequently the flashing-points of such oils arc high (over 400“ 
Fahr.). tin tlie other hand, all mineral or hydrocarbon oils evaporate 
when heated, and the temperature at which^ifficiont vapour is given 
off to cause a flash depends uptm what hydrocarbons are contained in 
the oil. Mineral lubricating oils do not, as a rule, contain the more 
volatile hydrocarbons of petroleum, which l>elong properly to the 
naphtha and burning oil fractions, but ‘natwaJ’ oils, and im])crfectly 
refined oils, may give off vapour at temperatures low enough to be 
dangerous. 

Owing to improved methods of manufacture, and greater care in 
refining, low-flashing mineral oils are more rarely met with than 
formerly ; nevertheless, in textile mills, and wherever danger from fire 
has to be guarded against, the precaution of determining the flashing- 
point of the lubricating oil must never be neglected. In 1883, Veiteh 
Wilson stated that he had met with one s.ample of oil offered for 
lubrication which flashed at the ordinary temperature of the atmos¬ 
phere, and several which flashed at 100° to 200° F. Ordway, who 
examined a largo number of oils in actual use in cotton mills in the 
United States, found several which flashed at 180” F., and a larger 
number whieh flashed below 212" F. The use of such dangerous oils 
would not now bo tolerated, and a flashing-point of 340"-3'0° F. is 
regaided Jiy oil manufacturers, users, and insurance companies, as a 
standard of safety to which all oila for indoor machinery ought to 
attain. For oiitdoor machinery, a limited quantity of oil is still sold 
having a flashiftg-point of 200'-210” IL 

It, is seldom necessary to determine the flashing-points of Sted oils, 
but, as a nieans of detecting or confirming adulteration with light 
mineral oil, Jte test is sonwtimes useful. 
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It is a usual practice to determine the flashing-point of cyliTidcr 
oils, uu the ground tliat oils of high flashing-pcant iiiay be expected 
to evaporate less in the cyliiidere than those of lower flashing-point. 
But there is no necessary relation between the flashing-point and the 
volatility of lubricating oils, and in eoiuitaring together mineral oils 
of difl'eront origin {e.g. Russian and American oils) the less volatile 
nil may even have the lower fliushing-point (see Table XLVIl. on 
p. 194). In the authors’ opinion, the flashing-point of cylinder oils 
is a test which might with advantage be dispensed with and replaced 
by a quantitative determination of the amount lost by evaporation 
under definite conditions (see Volatility, p. 191). 

Deterromation of the Flashing-point. 

‘ Open Test.’ Flashing- and Firing-Points.—The method formerly 
used, and still preferred by some, for determining the flashing- and 
buniing-points of lul)ricatiug oils, known iis tlie ‘open test,’ consists 
in heating sonic of tlie oil, in wliieh the bulb of a thermometer is 
immersed, in a small open metallic euj), a porcelain erueible embedded 
in sand, or some equivalent coiitrivanec, and passing a small flame 
across the surface of the oil at frequent intervals. IVheii the amount of 
vapour given oft'is enough to form an inflammable mixture with tlieair, 
a pale blue flash occurs on application of the test flame, an<l the tempera¬ 
ture at which tliis flash is first observed is the flasliing-point of tlie oil. 
To determine the firing-point, the testing is continued until on apply¬ 
ing the test flame to the surface of the oil it tokos fire and burns 
continuously. 

‘ Closed Test.’—A little cxjicrience is suflicient to show that the 
above rough method of determining the flashing-point is incapable of 
giving uniform results. The tcinpciiiturc at which the first flash is 
obtained depends upon the presence or absence of .air cur.cuts, the 
rate of heating, the size and shape of the veascl used, the distance of 
the test-flame from the oil surface, etc. One of the authors was 
among the first to abandon the ‘open ’in favour of the ‘ closed test,’ now 
almost universally ciiiployod for testing lubricating as well as burning 
oils. For this purpose a brass cup fiiniished with a close-fitting lid 
and slide (an exact copy of the Abel petroleum cup) was constructed 
with brazed joints, so as to withstand heating to a high temperature, 
and instep of the outer water-bath a tliick cast-iron cup on feet was 
made in which the test-oup fitted loosely. Heat was so applied to the 
oaat-iron body as to cause the temperature of the oil to rise rapidly at 
first, and when near the flashing-point the rate of heating wa« reduced 
to about two degrees per minute, ilnd the gas testing-flame was applied 
every two degrees by opening jbe slide, exactly as in the Abel test. 
Improv'e^ forms of apparatus have since been devised 'by Pensky and 
Martens and by Gray, in which the important addition of a stirrer has 
been introduced, which enables the beating of the oil to be conducted 
much more rapidly without impairing the uniformity oflfce results. 
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The Peneky-Martena Teat Appaiatua.—Tliia apparatus, shown in fig. 59, 
consifita of the l)va6.s cup, A, with flange B, whicli drop.s loosely into the 
ca.sl-iron l) 0 (ly, C, the flange resting uix)n the tlonie-shapcd bra.s.s shield, D. 
The po.silinn of the cup i.s fixed by studs, EE, which engage in slots in the 
flange. The cup has a close-fitting lid with a revolving perforated slide 
actuated by the spring lever II, by turning which the openings in the 
slide are brought over corresponding openings in the lid, and the little gas 

tasting-llame is at the same 
time caused to dip through 
the central opening into the 
air-space above tbe oil in 
the cup, igniting the mix¬ 
ture of air and vapour as 
Boon as it becomes in¬ 
flammable. The lid also 
carries the stirrer S, with 
two .seLs of vanes, one in 
the oil and the other in 
the air space; also the 
thermometer, T. 

In making a test, the cup 
i.s jilaced upon a level sur¬ 
face and filled with oil to 
the mark ; it is then placed 
in the test-ajiparatus, and 
^le lid is put on. The 
.siiuill test-llame having been 
lighk'd and turned down 
until the luminous tip has 
almost disappeared, the oil 
is gradually heated up by 
means of the burner K, the 
wire net, L, being swung 
out of the way. The flame 
at first used is large enough 
to heat the oil rapidly, but 
as soon as the test-flame 
when lowered into the cup 
shows a tendency to enlarge, 
the beat is moderated and 
the wire net may lx; swung 
over the flame. The stirrer is now worked so as to keep the oil as well as 
the vapour and air thoroughly mixed, and the test-llame is applied at every 
two degrees’ rise of temperature, until the flashing-point is rcaciied. The 
temperature of the oil towards the end of the experiment maw rise at the 
rate of 10 degrees 0. per minute (see below), so long as tlie oil is kept 
thoroughly stirred, but the stirrer must not he worked while the tost-fiaine 
is being applied. The application of the flame should ociuqiy about two 
seconds, three half-seconds being occjipied iu opening the slide and the 
remaining half-secoud in closing it. Oils containing water nnist be dried 
by filtering threugh dry filter paperora«colunmof coarsely-cruslied calcium 
chloride before being tested, as the presence of much moisture (fSKrees very 
irregular and incoriect results to be obtaineil. 

l^Tnis apparatus has been subjected to an elaborate series of tests by Holde. 
By making ideated tests wJQi oils of different flashiug-pointa, he has shown 
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that rapid heatiiif; witii ('.oiitiiiuoiiH, vigorous stirring, gives tlic same results 
as slow heating witliout stirring, and wlieii testing tile same oil several times 
the results agreed within i or 3 degrees ('. (31" 'o C.1' F.), e.vui when the 
thernionieter rose as rajiidly as 10" C. ( = 18” F.)”]ie.r juniule towanls the end 
of the exjierinient. According to Ilolde, a riifh in temperature of 12“ C. 
( = 22” Falir.) lier minute is permisaihlc. The size of the testing-Hame does 
not influence the result a)i]irecial)ly, hut it is not desirable to Use too large 
a flame, otherwise the, flash may not he jilainly seen. Filling the, oil holder 
above the mark, and so reducing the air s]iaee, lends to lower the flashing- 
])oiiit. Thus, Holde found that with an oil Hashing at about ]f)5° 0. 
( = 311" N.) the mean Hashing-point diflered 4" C. ( = 7'2° F.) according to 
whether the cuj) was tilled 1 cm. below or 1 cm. above the mark. Accorrl- 
ingly it has been |)ropose<l by Aisinmann' that as an oil of high flashing- 
jjoiul will e.xpaud during Ihe test moie than an od of low flashing-point, the 
CUJ) shoidil not be filled to the same mark Hath all oils, but the quantity 
used should be such as will by expansion have i-eae.hed to the mark at the 
flashing-point. Thus, taking 0-0(1()G8 (per 1“ tf.) as the, coefficient of 
ex]>ansion of llussian lubricating oils, the total exiiansion per 75 c.c. of oil 
(the ijuantity used in the Martens ciiji) is 0'5 c.c. pier 10° C. Tlierefore, the 
quantity of oil to be, used in order to ascertain the .xirrect flashing-point of 
an nil flashing at, say, 2(10" C. should lie, according to Ai,si:.mann, not 75 c.c., 
but (at an initial temperature of 20" C.) -- 


/ 200 - 20 

A 10 


)- 


0*5 — ()(! C.C. 


(Jorrectiug tin* I'olinne in this wav, Aisinmann oblained (he following 
results:— 

Tablk XLVl. 


tiRunI Volume. 


t'orrccteil Yolome 

Difference 

T! eduction in 
Volume of 


Flashiiif'-point" C. 


’ C. 

on used, 
c.c. 

151“ 

153" 

11)4° 


2-5° 

6-55 

19.3" 

200’ 

; 200" 

... 

7-0" 

8-65 

an:" 

26(1'' 

1 2(i8° 

268” 

nvr 

11'8.5 


To adopt Aisinmann’s ju'oposal would greatly increase the, labour of 
determining the flashing-jioi’it, without any equivalent advantage. The 
lost, however performed, is an empurical one, and all that is required is the 
idoptii n of a uniform system of testing, so that disputes between manu¬ 
facturers and users may he avoided. The iivinoipal object of determining 
the flashing-point is the detection of dangerous and wastefully volatile oils, 
and from this pxiint of view tin- luetjiod of testing which gives ^he lowest 
re-sult is to be jireferred. 

Holde2 has since published further ex]ieriment.s showing that with oils 
flashing Ipatwecn 172° and 241° C. (342° and 466" F.) a variation of even as 
much as 13 e.c. below the normal filling of the cup does not alter the 
flashing-point more than ]°-l'5° C. (l'8°-2'7° F.). 

' Jour, Soc, Chem, Iitd,, xiv. (1895), p. 284. * Ihid., ivi, (^67), p. 322. 
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Gray’a Test Apparatua.—Ttiis (%. 60) is an adaptalion of tlie Pensky- 
Martciis revolviiif; elide and stin-cr to the Ahel cu[i. The iuveutor atateb' 
that in working with the Penaky apparatins he found the resnlte under 
varied conditiona to he e.xeellent, and was struck with the idea that the 
inatnimenl might he simplified and made more suitable for every-day work 
in llio technical laboratory. lie therefore devised a modified apparatus, 
which is thus described ;— 

“The .stirrers, consisting of two sets of v.anes, one in f.he oil and the 



KlO. 60.—Cray’s Tester. 


Other in the vapour space, are attached to a vertical shaft passing thiough 
the cover au<i terminating at the top in a small i»evelled wlic(d, the bevel 
of which is milled. A liorizontal shaft (isirricd on two siipporta) .enuinates 
at one enA with a lievelled wheel, gearing' with the one on the Mtir'er shaft, 
.and at tii? other end with a disc carpying' a small handle with which^ to 
rotate the shaft. This shaft also carries a collar with two pins projecting 
about J in. at diametrically opposite pitints. By sliding the snaft .sliglitly 
to the right, thelrevel wheels are put out of gear, and tiro pins-projecting 
from the collar are drawn into position for actuating the testing arrange- 
'ment. ’Tliis consists of a sliding cover on the top of the lid proper, so 

Jom. Soc'viitM. Ind., X. (1891), pi 348. 
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arranged that when the former is moved it depresses the test light to the 
pj'opcr point, and brings the orifices 0 }ipKisite those on the fixed lid. I’here 
are three orifices, one, at wliich the test light is ajiplied, the other two, 
situated one at either side of it, being for the admission of air. It will thus 
be readily seen that the change from stirring to testing, and ivVr wrs«, can 
be instantly nerfonncd. 

“Tlie resnltB obtained by this apparatus arc identical with those olitained 
by the Ponsky-Martons. They are not atfected by the source of heal, a 
naked flame giving the same results as the sand tralh. It is immaterial 
what the rate of heating is, provided it is not too rapid to prevent a correct 
reading o^the thermometer. I prefer to reduce the rate of heating when 
nearing the point, at which Uie oil is expected to flash. The stirrers do not 
l•e(l^lire to be worked conliiiiionsly, hut merely at intervals. I find it 
idvisable to stir more freijuently when tlie rate of heating is fast.” 

In the latest form of this ajipanatiis, the oil-cnji docs not fit directly into 
die tripod .stand, as sliown in the figure, hut into a cast-iron vessel which is 
mpiiorled on the tripod, somewhat after the aniie manner as in the Pensky- 
Vlartens ajiiiaratiis. 


L).—VOLATILITY. 

The projierty of lining volatile or capalile of evaporating without 
leconipoaition distinguishes tlie hydrocarlKiii oils from llie fixed oils, 
lilt the tomjierature at wliieh evaporation takes place depends upon 
die nature of the hydroearbous contained in the oil. hi any ease the 
)il does not evajiorate unchanged, for those hydroearuons which are 
Host volatile pass oft' first, leavhig the less volatile hydrocarbons as a 
noro or less viscid residue.^ If the oil he a mixed one, the fatty 
lomponcrit remains also, and the compiosition and character of the 
irigirial oil may thus become entirely changed. The best qualities of 
nachino oil scarcely cvajioratc in use, but at the high working tem- 
leraturcs of steam-cylinders all mineral luhrieutiiig oils evaporate, 
-t is oiivious that an oil which cvajioratcs to a serious cxteii' at the 
vorking temperature cannot be an economical lubricant, since all that 
ivaporates is lost and the remainder may form a viscid or even a dry 
esidue on the hearing. Notwithstanding its importance, this pro- 
terty of lubricating oils seldom receives the attention it deserves, a 
iigh,flasliing-poiiit being generally regarded as sufficient evidence of 
he durability of oven cylinder oil. Veiteh Wilson long ago called 
ttention to this anomaly, pointing out that the significance attached 
0 the flashing-point sliould be limited to what it really indicates, 
i'c., the relative safety of an oil, whilst the tendency to evaporate 
hould ho ascertained hy measuring the actual loss of weight under 
efinite conditions of time and .temperature. 

Determination of Volatility. —'tfie usual method of determining 
he volatility of mineral luhricatiiig oil is to place a weighed quantity, 
'•5-1-0 grm., in a shallow dish or \vatch glass and expose it in a 
later- or air-oven for a certain number of hours, noting the loss of 
'oiglit. Veiteh Wilson states that machine oils when exposed in 
‘ At temperatures above 200° C. the heavy hydrocarbons deconViso- 
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tills manner for ten hours at the tem|)erature of the onlin.arv water- 
oven (about :il2° H'.) should not lose weight, whilst Hurst states that 
the loss in twenty-foui hoiins should not exceed 0-25 to 0’5 per i^ent. 
Cylinder oils are tested similarly in an air-oven heated to the tem- 
jioraturo of the steam eylindcr. 

Arehhutt has ]ioiiitod out that the loss of weight sustained by an 
oil when tested in this manner must depend uixin the number of times 
the air of the oven is changed during the test, and he lias proposed 
the following method of testing in which the receptacle containing 
the oil is heated in a tube to a known temperature whilst a surrent of 
air heated to the same temperature is pissed over the oil. 



Archbutt’a Vaporimeter (fig. Gl) consistK of a straight copper tube, I inch 
ill intenittl diameter and 1 or 2 feet long, having a branch tube (| inch in 
diameter and about 10 feet long, lirazed into it near one end and coiled 
around the straight tube as shown m Ihe figure. Tliis tube and coil are 
fixed in a rectangular air-oven made of tinned sheet iron, the sides and top 
of which arc covered with asbestos millboard. The oven is^uiated by a 
row of small gas jets, and a thermometer is fixed with its bulb close to the 
middle of the wide copper tulx;. The ends of this tube win h project 
beyond the oven are closed by hras.s screw x;ai«, one of wliic.h, at the air-exit 
end, is perforated and carries a narmw tiilsi in the centre Air or steaiu 
admitted to the coiled tube, after hccoining heated in !’ie coil to the 
temperature of,the oven, passes over tlfe oil in the wide tube and escapes 
through the shori tube in the ca]i. The oil is contained in a ]>latiiium tray, 
3 in. long by J in. wide by i in. deeji, which for convenience of manipula-. 
tion is placed in a glass tube which just slides easily within the copper tube 
and serves iis a carrier. 
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The current of air is maintained at the eonetaiit speed of 2 litres i>er 
minute by nicanB of the fliniple regulator flliown in fig. 62 'I’he air enters 
the regulator at A, anti a alight excess is kept continually eaciping at the 
lower end of the wide tulw B, which is immersed to the depth of 3 inches 
in water. Tim sup.dy ia Uiken from the branch C, the orifice of whit^h is 
reduced until just large enough to 
])aKs 2 litres ])ei' minute against at¬ 
mospheric pressure under the 3 
inches head of watcr.^ 

The f^nantity of oil used for a test 
is O'figru'j^, which forms a thin layer 
on the holt(-ni of the platinum tray, 
and the oil is exjiosed to the air- 
current for exactly one hour. The 
teinjierature of the oven is varied 
to suit the requirements of the test. 

PVu* cylinders working at 160 Ihs. 
prcHsiire per K<p in., the oil is tested 
at 370^ F., and should not lose more 
than from 0*5 1 . 0 1 per cent, in weight 
in the time sjiec.ified (onehour). At 
400'’ F. ( — 235 Ihs pressure) the loss 
of weight of cylinder oils is about two 
and a half times as greAt as at 370'’ F. 

If it he desired to use a cun’eiit 
of steam instead of air, the inlet 
end of the vaporimeter is connected 
to a flask or boiler, and the outlet 
to a condenser. The gas flame 
under the boiler is regulated so as 
to distil a definite quantity of water 
in the hour, 100 c.c. being a con¬ 
venient volume, though 92 c.c. is 
the volume recpiired to give a cur¬ 
rent of steam nearly equal to the 
above-mentioned air current, Tlie 
boiler is detached, all the steam is 
blown out of the tube, and tbc 
platinum tray containing the oil is 
inserted. After waiting a few 
minutes for the tray of oil to lx*come. heated up, the steam current is turned 
on. If the tray be inserted Without first blowing out the steam, water con¬ 
denses upon the tray, the oil creeps over the edge, and the test is .spoiled. 

The figufOB in the following table show the kind of rcBults obtained 
by thii test. All the samples of oil tested were pure mineral oils, 
the first three being described as cylinder oils, and the last two as 
machine oils. 

A ‘ This is done by connecting tho ■'xit-tubo C, by means of a Hoxible tube and 
cork, to the neck of a bell jar of knowil capacity, full of water, sgnk in a bucket 
of water. As the air passee into the bell-jar, the latter is cradually raised so as 
to maintain the same water level within and without the jar, and tho orifice of 

. tho branch G is made of such dimensions as will allow the jar to fill in the 
calculated time. 
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Table XLVII. —Flashino-points and Volatility Compared. 



- 


Flashing- 

Losb of Weight in 
One Hour at .^70* F. 

No. 

UeecriptioD. 

Si>. Or. 
at 

00' F. 

Point 
(Pensky- 
Miirtens) 

]ii Air; ‘J 
Litres per 
ininnte. 

III Steam; 
\W C.C. of 
Water 
condensed 
l»er hour. 

1 

American cylinder oil,. 

0-902 

885” 

Per cent. 
0-12 

Per cent 

2 

)> JJ » 

0-898 

512° 1 

0-.84 / 
0-8(i 

()-70 

()-4G 

0-68 

3 

V 5J JJ 

0-893 

424“ 

4-iy 


4 

Aluericaii machine oil. 

0-897 

402“ 1 

](i-8 / 
H)-3 t 

18-1 

17-6 

5 

Russian machine oil, . 

0-909 

380° I 

14-7 ( 
14-3 \ 

16-0 

16-7 


A.S the volume of steam passed over tht^ils in those oxjieriments 
was about 8 per cent, in excess of the volume of air, tho figures in the 
last two columns are not comparable. But, if we assume the rate of 
evaporation to have been proportional D) the volume of steam, and 
correct the results accordingly, the following numbers are obtained, 
which agree so closely as to show that the rate of evaporation in both 
steam and air is the same. 


Average Loss per cent. ! 

No. 2. j 

No. 4. 

No. 6. 

In air current, . . . . j 

0-55 

16-55 

14-50 

In steam current of same volume Ij 
(calculated), , , . .jj 

0-07 

1 

16-32 

15-04 


It is evident that no simple relation exists between the volatility of 
an oil and the flashing-point. It is true of the four Americn oils that 
as the flashing-point falls the volatility increases; but (he Russian 
oil flashing at 380° lost less by e.yaporation than the .\nierican oil 
flashing at 402°. The two oils flashing at over 600° F. both lost 
less than O'fl-p.er iient., though there is a difference of 73" F. in their 
flashing-points; on the other hand. No. 3, which flashed 88' F. below 
No..2, lost over 4 per cent., and No. 4, which flashed at only 22' F. 
lower still. Inst over 141 nor cent. (For some further reanlta eee -n .ill D t 
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K.—SETTING-POINT OR COLD TEST OF LUBRICATING 
OILS. 


Tlie offbot of cold upon lubricating oils is not the same as upon 
simple Iluids siioli as water, glycerin, etc. Tin- latter have fixe'd and 
accurately ascertainable freezing-points, at which a eoin])lete change 
from the lapiid to the solid state tokes place, but lubricating oils, 
whicli are mixtures of liodies of various melting-points, behave like 
solutions, and freipiontly deposit some jwrtion of their constituents 
before llm whole mixture solidilies. Thu.s, olive and lard oils deposit 
a solid fat, sperm oil deposits spermaceti, and some hydi'ocarbou oils 
deposit paraffin. The ‘ setting-point ’ of an oil will, therefore, vary 
according to whether it he regarded as the temperature at which solid 
matter commences to sejjarate, or the temperature at which the oil 
completely loses its Iluidity. The setting-point of Seotoh mineral oils 
is considered to he the tomj)eraturc at which the Be])aratiou of solid 
paraffin is observed to commence; but Uussian oils, some pale 
American oils of high viscosity, and all dark-coloured or opaque oils, 
which either dcix)sit no ])araffin or in which the separation cannot be 
soon, arc eonsidorod to have reached their setting-point when they 
cease to flow. The low sctting-jioints of Russian and of some 
Anuirican lubriciating oils, which dejMsit little or no paraffin, is 
oharacteristie, and serves to distingiii.sh tlumi from most of the 
American and from the Scotch oils; Russian oils, when cooled, .simply 
become more and more vi.scoua mitil the setting-point is reached. 
Among vegetable lubrioating oils, castor and almond oils have the 
lowest solidifyiug-poiuts. 

Very erroneous conclusions regarding the sotting-^X)int of an oil 
may be formed unless sufficient time be allowed in making the test. 
This is especially true of fixed oils, d’hns ,Salkow,sky' found that a 
cod-liver oil, which remained perfectly clear when cooled hr a short 
time to - 15° C., became quite solid after several hours’ exposure to 
- 4° C. The subject has been more fully iin'estigated by Holde.^ 
'The solidification of such oils is promoted by stirring, and by adding 
to the fluid oil a fragment of tlm sjime oil in a frozen state. Mineral 
oils.asaume their permanent stiiie for any given tcm])cratnrc much 
more rapidly than the jixed oils, .and, except when testing by the 
Scotch method (see below), they should not be .stirred, as the net¬ 
work of sqjid hydrocarbons, which sometimes causes such oils to set 
before they have wholly solidified, is broken up by the stirring, and 
the setting-point is thereby low'ered. Mineral lubricating oils fre¬ 
quently undergo a ehange !-i their solidifying points by previous 
heating, and it is, therefore, important that the portion used for the 
setting-point determination should not have been recently used for 
any other test which has involved heating above the atmospheric 
temperature. 


’ JavT. Soc. Oh^m. Ind., vii. (1888), p. 37. 
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Determination of the Setting-Point.—The Scotch Method for aHcertaining 
the tenipdaturB nt which a mineral oil conimeiiiws to (iepnsit paratrin is as 
follows'The oil is poured to the depth of about 2 inches into a thiek- 
walled test-tube alxjut 1] inches in diameter, and the tnlie is immersed in a 
freezing mixture and slowly stinod 1 y a thermometor until it has been 
coolwi down considerably Udow the tempeiatnre at wbicb solid iiaraffin first 
appears. The tube is then removed from the freezing-mixture, wijied, and 
be,Id up between the eye and a window, and, wlidst the oil is constantly 
stirred with tin; tliormomeler, the temperature at which the last trace of 
solid paraffin di.sapiwars is read ofl’. This ojieralion is rejicaled with the 
same sampile of oil until two experiments give concordant results, and 
the temperature so found is the setting-point of the sanijile. 

Archbutt’s Method for detertiiiiiiiig, apiuoximately, the temperature at 
which ail oil ceases to flow is earrieil out in a refrigerator (llg. b"i), eonsistiiig 



Fio. 63. 

of a cylindrical leaden jar A, 6 inches in diameter and 14 inches in depth, 
with a flat bottom, contained in a wooileii box B, measuring i2 inches 
square inside and 20 inches deep. The space between the leaden jar and 
the box is filled with dry cotton wa-^te ; 3 inches of waste are placed below 
tlie jar, anil the to|i of the jar is covered by a loose wooden lid on whijh a 
layer of c/itton waste i- placed. The box has a hinged lid. The oils to be 
tested are poured to the depth of about 2 inches into glass specimen tubes 
measuring 6 inchus in len^h by about jf inch in internal diameter, and 
the tubes are corked. A similar tube containing Rmssian ItilA’icaling oil 
of low viscosity ami setting-point is used to contain the thermometer, t^ich 
is passed through a perforation in the cork and lias its bulb immersed in 
the oil. , 

About a inches in depth of crusliediice having been placed in the jar, the 
tubes of oil are immersed in the ice and left there for at least one hour. 
Tliey are then token out one by one and examined, and any oils which will 
not flow when tne tube is held in a horizontal position and lightly tapped 
on tlie box are reported as having set in ice, or are placed aside for further 

' Joir, Chtm. Ind, (x.), 1691^347. 
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experimcTit. The remainder are returned to the ice afler this has heen mixed, 
by thoniUL'li stirring, with autlicient powdered salt to lowe- the teiui«rature 
about 5° I'. The quantity to add is soon learned hy experience. After 
twenty minutes’ exposure to the lower temiierature the tubes are again 
examined, any oils i.'hieli have now set are taken out, and the temperature 
is read off on the Ihermonietor. The addition of salt is repeated, and the 
gradual lowering of temperature with examination of the oils every twenty 
minute.s is continued until the last oil has set, or until the temperature can 
be reduced no further. Tii this way the setting-point of an oil is ascertained 
within F. A closer approximation can he made, if desired, by a second 
experiiiieni, in wliicli the lemperal.iire, when near the setting-point, is more 
gradually lowered. The settiiiMioiiits of oils which solidify at temperatures 
above Unit of melting iee may be ascertained hy idaciiig the tubes in water 
at the temperature of the lalioratory, and then gradually lowering the 
temperature of this water by the addition of small quantities of ice until 
the setting-point of the oil has been reaclieil. Animal and vegetable oils 
liinst be, stirred frequently, and the lowering of the temperature must be 
more gradual tliaii in tlie case of mineral oils. 

Hofmeisfcer's Method.—Tlie .speeirl feature of this method is tlie use, as 
freezing liiiiiida, of .saline solutions of such strength lh.at tliey are saturated 
at their freeziiig-jioiiils; such solutions when ]mrtial.y frozen remain 
constant in temperature until they liave become entirely liquefied or solidi¬ 
fied, and are thus very convenient for keeping the temperature uf an oil 
constant for a length of time. The following solutions may be used :— 


TAiii.K XLVIll. -Sai.inb Freezing Solutions. 



. I'urtA of Salt 

Kree 2 sing.}in)ntti of the 
Solutions. 

Suit 

: por 100 purU 




1 of Wator. 

i 

Tahr 

Cent. 

Potassium suljiliate, . 

. 10 

2S'6“ 

- 1-9” 

Sodium carhonate cfvsUilM, 

. 1 20 

28'4° 

- 2-0“ 

I’otassiuin nitrate, 

in 

26-9' 

- 2-85 

PotfHfiKimii nitrate, 

13 1 



•Sodium chloride, 

3 3 ( 

23*0 

- H'O'" 

Barium chloride. 

3.5-H 

16'3" 

- 8-7“ 

Potassium chloride, 

Ammoniiiin chloritic, 

30 

12-4” 

- 10-9“ 

. ; 2.5 

4-3° 

- 1,5-4" 

Ammonium nitrate, . 

. 1 45 

1-85“ 

-lC-75 

Sodium nitrate. 

. 1 50 

ovr,- 

- 17-76 

Sodium oliloride. 

. 1 33 

- 4-3 

-21-30 

__ . 


. 

_ 


A solution selected from the .^.hove list is placed in the vessel % (fig. 64), 
and about 4 .'.e. of the oil to be tested are placed in one of the tubes A 
in mersed in the solution. A freezing-mixture of icc and salt is placed in 
the outer vessel 6. As soon as tllft bmiperatiirc of the sqlution in a lias 
fallen to its freezing point, if it docs not commence to crystmlize it is caused 
to do so by stirring, or by dropping in a small portion of the same solution 
which has been previouidy frozen in a test-tube. The temperature of tlie 
liquid in a, and therefore of the oils in tubes hh, will now renViu constant 
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so ]oug a.s the liriuid veniains otily jurtially frozen, and to maintain it in 
this condition ana prevent ctuiiplcte soUdilioation from taking place, all that 
is necessary is to lift the ve.sxel, a, out of the freezing mixture, oecaaionally, for 
a few minutes. After the la})se of one or two lumrp, the tuln'-s of oil are lifted 
out of the bath, and any oils which d<- not How on inclining the tubes are 



Fkj. 64. 


considered to have set at the temperature of tMi bath. The remainder are 
then tested in a solution freezing at a lower temperature. The standard 
liquids are preserved for use in stoppered bottles. This is a scientific method 
for determining accurately the effect on oils of prolonged exposure at low 
temperatures. 



Ki(i. 6r>. 


Schultz’s Method. -In this metlnKr, it-^ed in Oei'iiiaiiy, the oil is cooled 
until of sucli cousistiuicy that wln-n sul^'ected to a fixed ju'essure in a tube of 
specified dianuller it will flow at a definite minimum sjKcd. The oil to be 
tested is introduced into a glass (j-tuhe, 6 mm. in internal diameter, which 
is filleA to rt depth of 30 cm. in each limb. Several such Lulies, supported 
by a Huitab^ stand, may bo-cooled together in a .solution of known freezing- 
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point, as in Hofmeister’s method, the time of cooling being one hour. Each 
tube in siiccrasion is tlien connected hy its longer limb with a manometer, 
and liy opening a pinch-cock a pressure equal to 50 mm. of witter is caused 
to aeti ujion the oil. The .specification of the Pnis.sian State Kailways 
stipulates that the oil when thus tested after cooling for one hour at a tem¬ 
perature of - 15" C. in winter, or - 5° C. in summer, iinnst How in the tube 
at a rainiinuin rate of 10 mm. per minute. 

Tagliabue’s Standard Oil Freezer (fig. C5), used in the United States, is 
semicircular in shape, with a flat side. It consists of an inner chamber F, 
surrounded by an iee-ohaniberC, with a nou-conductiiig jaclcct A, filled with 
asbestos. The oil is contained in a glass cup, 4 inches in do])lh and 3 inches 
in diameter, which is fixed iqion a rocking shaft by means of which the cup 
can be tilted and the condition of the oil seen. A thermometer is immersed 
in the od, and two others regi.ster the temperature of the ice-chamber. Two 
stopcocks connected to the inner chamber are tor the introduction of warm 
air, if it is de.sired to raise the teuiperatnre, and the tap at the side is foi 
draining away the liquefied ice. A glass window in the flat side enables the 
oil to be observed, 

Tahi.e XLIX.— FiiEEZiNG-roiNTS of some Vegetable and 
Animal Oils. 



Freezing-points. 

Oil. 

•F. 1 *U. 

1 

Aracliis (eartlinut.) oil, 

-H,32 to -I-19-4 

0 to -7 

Beech nut oil, 

-1- 1-4 

-17 

Camcline oil, 

- 0-4 

-18 

CuHlor oil, . 

-t-14to -0-4 

- 10 to - 18 

Cod-liver oil, 

-1-32 to -1-14 

0 to —10 

Cottonseed oil, . 

-|-3:j Rto -1-50 

4- 1 to 4-10 

Curcas oil, . 

Henipseed oil, 

4-37-4 

+ 3 

Between-1-5 and —17*5 

Between - 1 i. and — 27*5 

Lard oil. 

-1-25 to -1-42 

- 4 to - 5-5 

Linseed oil, 

Between + 5 and - 17 5 

Between - 15 and - 27-5 

Maize oil, . 

-1-14 to -4 

-10 to -20 

Miist/ird oil (black), 

i -FiiS (i/oWc) 

\ +Ck5 (f'hateau) 

J - 5 (Ifoldt) 

\ - 17'5 {C%ateau) 

- „ „ (white), . 

-1-17-C to -1-3-2 

— 8 to — 16 

1 Neatsfnot oil. 

32 to “|"60 

0 to 4-10 

Nigerseed oil. 

Be'ow - 1 - 15-H 

Below- -9 

Olive oy. 

4 - 39-2 to 4-21-2 

+ 4 fO — 6 

Pop,jysecd oil, 

Porjioise oil, 

4- 3-2 to - 1-3 

-16 to -18-5 

4 - 3-2 

-16 

Rape oil, 

•P28-4 U) 4-10-4 

- 2 to -12 

Seal oil. 

•4-28-4 to 4-26-0 

- 2 to -» 3 

Sesame oil. . 
j Sperm oil (Soiitliern 

4 -- 2 -f 8 to 4 - 21-2 

Xbout 32° 

- 4 U) - 6 

aiul Arctic), 

•About 0° 

Sunflower oil, 

4 - 3-2 to -1-3 

-16 to -18-5 

Walnut oil,. 

Between 4 -5 and - 17-6 

Between -16 and - 27-5 

. 


- ^ - 
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Table L.—Freezing-points or Mineral Lubricating Oil.s. 

Deanriptlon. ! Freeiing-point. 

_I_____ _ 

Switch oils, . Aliout 32° F. {Veitch Wilson). 

Ameriwui oils, Very viii'ialik. Depends largely upon the amount of 
solid hydi'ociirboiis present. Winter machinery oil 
generally sets at 25° to 32° F. (- 4° to 0° 0.) by Ari.h- 
liull.’s method ; hut oils which remain fluid at 0° to 
10° h’. ( - 18” to - 12° 0.) are met with. ' 

Russian oils, . °l’he best ipialitiee of refined machine oil do not cease 
to flow when cooled to zero Fahr. (- 18° C.). 


F.—MELTING-POINTS OF FATS AND LUBRICATING 
GREASES. 

Melting and Solidifying Points of Fatty Acids.—In the melting of 
natural fats, mixed fatty acids, lubricating greases, etc., the same 
phenomena present themselres as are' observed in the setting or 
solidifying of oils, viz.:—that, as we are dealing with mixtures, the 
temperature of incipient fusion, at which son^ portion of the substance 
becomes fluid, and the,temperature of complete fmsion, at which the 
whole has liquefied, are not, as a rule, the same. It ha.s also been 
observed that the melting-points of fats and fatty acids may be pro¬ 
foundly modified by previous heating of the melted substance. Thus, 
Clagne * found that the melting-point of cacao-butter, originally 75' F., 
was raised to 86° F. by keeping the melted fat at a temperature 
just undeT 100° F. for two hours. A temporary change in the melting- 
point usually occurs immediately after the sulistancc has been molted 
and re-soliditied. Thus Bevan “ found that a crystallized fat obtained 
from lard, which had been molted in a test-tube and then caused to 
solidify rapidly by chilling in cold water, rc-mclted at a temperature 
about 15° bolow the first melting-point; on gradually raising the 
temperature, the fat re-solidified and regained its normal melting- 
point. In couseipienoo of such facts as the above, the temperatures 
recorded a.s the melting points of fats and fatty acids by different 
observers, using different methods of preparation and manipuli .tioii, 
unfortunately present discrepancies which will not be romoVed until 
some uniform system of testing has been agreed ujion. 

In the examination of lubricants, the object of a melting-point 
determinltiou may be twofold. ' Firetly,’a knowledge of the melting- 
point of a fat or lubricating gre.asc may bo required for the purpose 
of ascertaining^its behaviour under tla; practical conditions of lubrica¬ 
tion ; and secondly, the melting- or solidifyiug-poiut of a fatty acid 
- ^ Allen, Coml. Org. Altai.^ voJ. iii. pt. ii. p. 570. 
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or of a mixture of fatty acids may be required as a means of identifying 
the oil or fat from whicii the fatty acid or mixture has been obtained. 

Preparation of the Substance.—Wliatever method be eiiqdoycd, certain 
precautions must be observed in tlic preparation of the Substance, (diicf of 
which are the following :— 

(1) Except in the case of lubricating greases (‘solidified oils’) every trace 

of moisture ]>reseut. must be removKl. Ilaviiig melted the snl>st?inee 
in the water-oven and allowed all visible water to settle out, the fat or 
oil is poured otf, ami the remaining tmeesof moisture are mit rid of 
either by filtering through dry filtcT pa|)cr or by further heating in 
Tile water-oven until a cold glas.s placeu over the l>L‘aker longer 
becomes dimmed by c(mdensed water vajxmr. Lubricating greases, 
in which water may 1)C ]>resent as an esw.ntial constituent, must, of 
course, be tested without any previous preparation. 

(2) In melting fats or fatty acids, previous to the determination of the 

melting-point, tlie kmnmrature should not be msod higher, and the 
lie<aling should not he continued lungt'r, than is absolutely necessary. 

(3) Sudden chilling to hasten rc-Ri>lidification must not be resorted to. 

Tliesiibslance must be allowed tr> solid ifynaiurally. If the l-empera- 
ture of the room he above the Kolidifyiiig-]K>int, the substance should 
be ])laccd in a suiticieiitly cool euphoard or refrig».iatoi‘, and after 
solidiHcution has taken piat^ at lea.st an hour or two, and in most 
cases from twelve twenty-four hours, should be allowed to elapse 
before the (((“termination of the melting-i>oint is undertaken. 

Determination of Melting- and Bolidifying-points.—Pohl's Metbod.—}>y this 
method (he lem])eralure of iucijHeut fusion, at which a substance begins to 
melt, is determined. The bulb of a tlieniiomctcr T (fig. 66) is dip])ed into 
tlie melted substance and removed witli a coatiT^r of the substance adhering 
bo It. After this has solidified, and has remained for a snfiuueat length of 
time to ac([inre its normal melting-iwiiit, the thermometer is fixed, by means 
of a cork, in a long hoiling-Lube 0, the bulb of the thermon eter being placed 
about i inch above the bottom of tlie tube. A groove is cut in the side of the 
cork for th(' escape of air. The tube is then supjioiUjd in the clamp of a 
retort stand, about 1 inch above a disc of sheet iron or asbestej, which is 
hcat(3d by means of a .small flame so that the temperatui’e rises very 
gi’adually, Tlie moment a drop of Ihjiiofied fat is observed to ctdlect at 
the lower part (»f the thermonn^ter bulb, the t(*m]jeraturc is read off and is 
recorded as the meh ing-])oint. This is a very good method for the examina¬ 
tion of Ullow and other fat.*'. 

Stock’s Method for Greases.—Tliv following miKlifieation of Pohl’s nu^thod 
has been recommended by Stock for ascertaining the melting-points of soap- 
thickened oils.^ A clean, iiari*ow te^t-luhe is fitted over Iho lower end of a 
tliermonietjr, by means of a kind of stout indiaruliber-tubing, the annular 
space b tween the walls of <he tube and the thermometer not exceeding oiie- 
siTteeniii of an inch. Tlie narrow t-est-tuhe is fixed, by means of a cork, 
within a wider and longer tube.. A small quantity of the samj;»le to be 
tested is Uken upon the bulb of* the thermometer, which is then carefully 
in.^erted into the iniuu’ tube, down 1.o within half an inch of the bottom. 
I'lie wider tube is then iiiimei*8(e(l a be;ikcr of eitlier water or clear lard 
oil (according to the melting-point of the giease) and is Boated on a disc 
of asbestos millboard supported over au Argand-Bunsen. By bringing the 
tube up to the side of the beaker, the teinpemture at which the mass flows 
« } Analyst., xiv. CI869), p. 2. 
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down to a clear liead at the bottom of tlie tube may be observed, by means 
of a hand“lcna if necessary. This is recorded as the melting-point of the 
sample. 

Capillary Tube Method.—'I'his simple method for determining the point 
of incipient fusion is frequently used for the examination of fatty acids and 
other subistanees of fairly deliinte, and not too low, melting-point. There are 
several ways of operat ing, but the following is one of the most convenient. 
The capillary tulies, which arc made hy drawing out soft glass tubing, 
should be very thin-walled, about 10 cm. long and 1 mm. in internal 
diameter. They are left open at lx>tli ends. One end is dipped into the 



Fio. 66. I'n-. 67. 


melted substance, until enough has risen to till alsmt 1 centimetre of thi 
tube, which is then laid asiae in a cool place for several hours, preferahlj 
over night, for the suli.stanoe to solidify and regain its normal melting-point 
Tlie other end of the tube is then held for a moment in a«-’nall flami 
and, wliile hot, is pressed against a small bar of wood W, tig. 67, coatee 
with sealing-wax, by which means four or more of such time may bt 
siqipoit!*! in a beaker of water as .shown inihe sketch. The beaker is placet 
upon a disc of asbestos millboard over a burner, and a Uicrmometei 
1, licld by ;i clamp or suspended by a cord, is plncod with its bull 
close to the liiled ends of the c.ipillai^ tubes. The water in the beake: 
is then .slowli' warmed up and Continually stirred by the glass stirrei 
S, and the temperatures at which the suhslances melt and rise up lh( 
capillary tubes are recorded. The mean of two cxperiinente in separah 
tubes. whidR should closerv agree, ie taken as the melting-point of thi 
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suliatance In examining mixed fatty acids, it is frequeni Iv noticed that a 
|.ortmn will liquefy and run u|. tl.e tube, leaving tlie remainder still solid 
liehmd Llagiie ioiind that the inelting-noiul of cacao-butter determined in 
a ia,pulary tube varied according to tlie diameter tiie tube. 

Bensemann s Method,^ wliich is ))refcral)le to tiie above, determines two 
]K)ints, V17,.-—the tcmj)oraturc of incijdent fusion ajul the temperature of 
com])letc fusion, A piece of narrow thin-walled tubing is drawn out 
to a (;apillary point and sealed at the small end. A small port-ion of the 
substance then melted in the wider portion of the tube, in the wsition 
slifmm at A a (fig G8), and is allowed to srdUlify. After a sufficient interval 
the tuitf .-is attached, by means of two Biuall indiarubher rings cut off a 
piece of tubing, to a thermometer, with the fat close to the bulb and the 
thermometer is supjiortcd vertically in a beaker of water. The water is 




rlowly wiirmi'.d np, with continual stirring, until some of the fat begins to 
How ; the temperature observed at this moment is the ‘ point of iwipunt 
/ust'otl’ Wlien the sulistance has melted to a perfectly clear and transparent 
liquid as shown at h (fig. (iS), I,he tem])crature is again read off and is the 
^ point of completi' fusion,’ 

fiach’s Method,—llacli and 11 uhi have puhlisheil a numlier of melting- and 
solidify ing.poinls of fatty acids which were ascertainetl in the following way. 
The siibataTiee was hrouglit into a lest-tnhe about 7 mm. in diameter, and 
whilst beitig .stirred gently with a tliennoiueter, the temperature was noted 
at whu'.h the mass Ijocaiue (juite clear (‘ jrte/ftn^-pOTnf’), and that at which 
a cluuclluess began to form {'solidifying point’). 

Cook’s Method.''^—This is a u,oilification of T. Kedwood’s metl#d.® Two 
beakers are supported one wiUnii thc^ther, the iiiiniiifiim space lietweon them 
i "-ilig 1 inch at the sides and 1.% niches at the bottom. About 1 inch in depth 
• It mercury is placed in the inner Iseaker. The outer beakm contains either 
water or melted paraffin {accordingto tlie temperature required), the surface 

’ Jour. Chem. Ltd., iv. (1885), p. 535. 

Proe. Cheju, Sac.,, xiii. (1897), p. 74, 

^ JiiAlysl, i. (1877), !>. 61. 




a b 

Fm. 68. 




Fio. f 



LUliKICATlON AND LUUKKiANTS. 


•2U4 


of which must he at least 3 inches above the surface of the mercury. Minute 
fragments of the substance whose melting-point it is desired to determine 
are placed on a .small pico" of ferrotypc-idate (with the varni.sh removed), or 
on a mici'oscope cover-glass, and floated on the .surface of the mercury, in 
which the bulb of a thermometer is immersed. The beaker is covered with 
a card. The water or ]iaralKn in the outer beaker is then slowly heated uj 
with frecpient stirring, until the substance is observed to melt; it is then 
allowed to cool, and the sol id ifying-point may lie read oil'. This method n 
said to give closely concordant residts. 


Tahlk LI.— Mk.i.tino-i’oints of soms: Fa'I's, Waxkb, 

MultinK-pointH. 



i 


Japan wax, 
Coconut oil. 

Palm niit-oil, 

Palm oil, . 
CottonfiCied stc^irin, 
'J'allow (inutljiiX 
„ (heef), . 
ISoiie fat, . 

Lard. 

Horse fat,. 


■Wool fat (neuti-al), 
Spermaceti, 
Beeswax, . 
Camauha wax,. 


122-7- 
68 - 0 - 
73-4- 
80-6- 
78-H- 
UI-2- 
107-6- 
, ,69-8- 
|#96-8- 
107-6- 


Vaseline . . . . 

Paraffin wax 

Cerasiii (refined ozokerite). 


132-8 

82-4 

86-0 

108- 5 
104 
123-8 
U9-3 

71-6 

118-4 

109- 4 


87-8-108 6 
109-4-113 
142-7-158 
181-4-186-8 


104-122 
98-137 
141-8 172 4 


r.0-4- 56 
20 - 28 
23 - 30 
27 - 42-5 
26 - 40 
44 51 

42 - 48-5 
21 - 22 
36 - 48 
42 - 43 


31 - 42-5 
43 - 45 
61-5- 70 
83 - 86 


40 -- 50 
30-7- 58-3 
61 - 78 


Dalican’a ‘Titre Test.'—This test, which was devi'sed by I talicnn for^thi 
valuation of tallow by determining the solidifying-point of the mixed fattj 
acids, has been applied by Lewkowitsch to a large nnmher of oils and fats 
The fatty acids, obtained from 100 gnus, of fat by the method described or 
j'. 237, peifeotly dried by filtration throimdi |)aper in the wale» ovcn am 
allowed to .solidify over night, are re-meltea at as low a tenjpersture a 
possible and introduced into a stout-walled test-tube, measuring' 7 iuchei 
tong by Ijl inches diameter, which is filled rather more than half-full. Tin 
tube is supported, by means of a cork «r a nd>l)er ring, in a wide-mouthei 
bottle of colourless glass (see fig. (>9), and a Centigrade thermometer, grad 
natid, say fronr^i" to 70°, in fifths of a dtgree, is suspended with its bmb ii 
the centre of the fatly acids. As soon as crystals licgin to ajipeai- at tin 
bottom of Uie tube, the fatty acids are stirred by giving the thermometer i 
rotatory movement, first thijce tQ the right, then thrice to the left, and thei 
continuousljfin one direction, without touching the* sides of the tube, hu 
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Table LIT.— Melting- and Solidifyinq-pointb oe somi, aiixeb Fatty Acids. 


Olase. 


i Vegetnblt! 
j NoH'drying 
Oils and 
Fats. 


Vegetable 
Semi-drying 
Oils. 


Vegetable 
iDrying Oils.! 


Animnl 
Oils and 
Fats. 


Mixed Fatty Acids from 


Olive oil, 

Uazei nut oil, 

Ben oil,. 

Aracliis (eartlmnt) oil, 
Castor oil, 

Jaitunwax, . 

Coconut oil, . 

Palm nut oil, 

Palm oil, 

Cottonseed stearin, 


Rape oil. 

Rape oil (Stettin), 
Kavison oil, . 
Mustard oil, . 
Curcas oil, . 
Cottonseed oil, 
Cottonseed oil, 


Sesame oil, . 
Beech nut oil, 
Maize oil, 
Cameline oil, 


Linseed oil, . 
Hempsoed oil, 
Poppyseed oil. 
Walnut oil, . 
Nigerseed oil, 
Sunflower oil. 


Marine 
Animal 
Oils and 
Fluid Wax. 


Wax (solid) 


Neatsfoot oil, 
Tallow (mutton), 
„ (beef). 
Bone fat. 

Horse fat, 

lArd, 


Sperm oil (inc. Arctic), 
Whale oil, . . . 

Seal oil,. . . . 

Cod-liver oil, 

Sardine oil, . 


Wool fat, 


1! 

}j Melting-[ioiNtR 'C. 

Solidifyirig.points *C. 

I Bensomann’s 




Method. 

Other 

Various 

'Titre' Tests 



Poiut of 

Point of 

Methods. 

Methods. 

{Li'wkmviUch). 

Incipient 

, C’omplete 




Fusion. 

Fusion. 




‘.18-24 

26-27 

/ 24-27“' 

} 17-24-b 

17*15-26*4 (12 


\ 19-28'5i 

samples) 



17-26 

9-20 

si-32 




37*2 -37*8 

34-36 

27-33 

22 81 

29-2 



13 

2-8 




66-67 

63 58-6 

.59-4 



24-27 

ir.-7-20-4 

22-6 -26*2 



20*’^-28-6 


20*r> -26*6 



41-60 

39-48-2 

36*9 -46*6 



‘27-30 

21 -23 

35-1 

13-19 

21-22 

16-21 

10-5-18-6 

12*2 -13-6 





18*6 J 





Below O’t ■ 



if.-17 

15-6 

30^0 


27-6 


28*6 

42-43 

34 40 

30-5-38 

87*6 





82-7-8.5 *2 (part 





of the stearin 

26-2fl 

29-30 

21 32 

18-5-28-5 

removed) 

22-9 -23*8 



‘23 24 

17 




18-20 

14-10 




lS-20 

13-14 




below 13 24 

13-3-17-6 

19*4 -20*6 



17-19 

14-1<' 

16*6 



19-22 

15-4-17 

16-2 



16-‘20 

18 




26-26-0 





17-24 

17-18 




2‘.|-8-30-8 


20*6 

49-60 

63^ 

46-49 


41*6-48*8 

42 -44 

46-47 

46 


SS*3 -48*3 



30 





37'6-30-6 

37*3-37*7 

33*7 

43-44 

•leU? 

85-44 

32*6-39 

42*0 



10-3-1S-3 


8*6-11*9 



M-18|k 


23*9 



22-83 


16*9 





13*9-24*8 


• 



27*0 -28*8 

S 


62-6 t 




208 samples by De Jfegrl and Fabrla. 
t All observers; the lower number obtained with Oallfomian oils. 
I Arobbutt. 

I 27* Jean. 
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taking care tliat tlie whole mass is kept iiniforiuly mixed. When the 
mixture heconies turbid tliroughout, the mercury is watched closely. At 
first it w'ill fall slowl}", bid at a certain ]x)int it will rise a few tenths of a 
degree, sometimes 2 or 3 degrees, and will thou remain stationary for a short 
time before c.ommencing to fall figaiu. The jjoint at which it remaiuK 
stiltionary IS the‘t/frc’ or solidifying-jioint of the fatty acids. Freundlich 
states {Analyst, 1DOO, j). 105) that the Umperatun* to wliich the thermometer 
finally rises is partly deneiuleut upon tliat to wdiich it was made to hill 
during the stirring of tlie fat, and that to ensure concordant results too 
prolonged stirring must lie avoided in making this test. 

G.—REFRACTIVE INDEX. 

Ill tile analysis of lubricating oils, the refractometcr will bo found 
a useful though not an indisjicusablc instrument. Tlie kind of instru¬ 
ment employed may lie one such as Abbe’s, by wlneli tlie index of 
refraction of tlie oil is lucasnred, or a dift'ereulial refractometcr, sucli 
as that of Traniiin or Amagat and .lean, in whieli the deviation of 
the ray is measured on an arbitrary scale. 

The following table contain'-- the refractive indices for the 1) line of 
some oils as determined by Abbe, Strohnier, Holde and others vvitli 
Abbe’s refractometcr:— 

TabliS Lfll.—K kfhactive Isdices. 


Oils, in order of their Refractive Indices. 

Index of Refraction 

at IS" C. at 20“ C. 

1 

Neatsfoot oil, .... 

1-467 -1-471 

... 

Olive oil,. 

1-4670-1-4717 

1-4690 

Sperm oil,. 


1-470 

Rape oil,. 

Cottonseed oil, 

1-4720-1-4757 

1-472-1-475 

1-4743-1-4752 

1-4748 

Sesaiii^ oil,. 

1-4748-1-4762 


Mustard oil,. 

1-4751-1-4760 

... 

Poppiy oil,. 

1-478 


Castor oil,. 

1-4795-1-4803 

1 -490 

Walnut oil,. 

1-4804 

1-49] 

Cod-live-r oil, .... 

1-4800-] -4852 

l-<i800 

Whale oil,. 


l-4b3 

Linseed oil, . .• . 

1-4835 

1-4780 

Beechnijt oil, .... 

Mineranubricating oil,. 


1-5000 

1-490 - 1-500 


Rosin oil,. 

-«- 

' 1-630 -1-660 

«. 



Tlia instrument generally employed for commercial purposes is the Oleo- 
refractometer of Amagat aiyj Jean, the essential parts of which are shown 
in section ii®,fig. 70 (p. 208). It consists of a cwlimator and a telescope 
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Tahlr LIV.—Tests ok Oils with Amapat and Jean's 
Oleo-Kekeaitometkr. , 


Claaa. 

Nsnte of on, etc. 

itefractometcr. 
Deitrees at 22 " C. 

Vegetable Non- 
dr/lilf Oils, 

Olive oil,. 

Aracliia (oarthnut) oil, 

Gaator oil, .... 

+■0 to +3-5 
+ 3-6 to + 7 
+ 39 to +4B 

Vegetable Semi- 
drying Oils. 

Kape oil,. 

Ravi.son oil, .... 
Cottonseed oil,.... 
Sesame oil, .... 
Beechnut oil, .... 
Cameliiie oil, .... 

-fl6 to -1-20 
-1-18 to -1-25 
+ 17 to +23 
+ 13 to +18 
+16-6 and +18 
+ 32 

j 

Vegetable 

1 Drying Oils. 

Linseed oil, .... 
Ilempseed oil,.... 
Pojjpyseed oil,.... 
Walnut oil, .... 
Nigerseed oil, .... 
Sunflower oil, .... 

+ 48 to +54 
+ 32 to +37-5 
+ 23*5 to +35 
+ 35 to + 36 
+ 26 to +30 
+ 35 

Animal Oils 
and Fats. 

Neatsfoot oil, .... 
Sheep’s foot oil, 

Lard oil,. 

Tallow oil, .... 

Tallow,. 

Lard,. 

- 1 to - 4 
±0 

±0 to +5’5 

- 1 to- 5 (-15?) 
-IS to- ,8 (-40?) 

- 8to-14 

• Marine 
Animal Oils 

• 

Sperm oil (inc. Arctic), . 

^hale oil, .... 

Seal oil,. 

Cod-livcr oil, .... 
Shark liver oil. 

Sardine oil, .... 

-13 to -17T) 

+ 30*5 to "t" 48 
( + 8?) + 30 to +36 
+38 to +B3 
+ 29 to +35 
+50 to +63* 

Miscellaneovis. 

Rosin ('H ^ . . . . 

_i 

+ 78 


* A* 45" C. 
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haviiif,' a I’.ommoii axis, between which is fixed a hollow jirism for con¬ 
taining the oil. The hollow prinni, A, is a metallic cell having o]>po8ite 
gla.ss windows, CO, fixed at an angle of 107°, and surrounded by a bath of 
sheui)’.s fool, nil (‘hnile tyjie’)confiiined in the vessel BB, which is furnished 
with opposite parallel windows, 1>D'. The temperal.ure of the, oilsjn the 
cell B and in the jirism are kept at a constant temperature of 22° C. by 
means of an miter water-bath not shown in the figure. The light ray.sfrom 
an ordinary gas lliime jilaced at the end of the eolliinator G traverse the 
oil.s, and are focussed by the lens K' of the telcscolie upon tlu* photographed 
scale II, and viewed thrmigh the magnifier M. The collimator has, imstead of 
a slit, a movalile shutter with ashar]) vertical edge, which throw~ pan of 
the field into shadow, and the edge of this shadow is focussed sharjily upon 
the scale. 

Ill ii.sing the iiistriimeiit, the prism, A, is first of all filled with some of 
the standard (sheep’s foot) oil, similar to that contained in tlie miter cell 
there i,s then no refraction, and the edge of the shadow if not exactly on the 
zero of tlie scale is acljmsted to it hy moving the Klmtl.er. The standard oil 
having heen drawn off'through the tap R, and the prism rin.sed with ethei 
and dried, the ml to he tested is intrnduc^, having Ixsen previonsly hrcnghl 



to exactly 22° C. in temperature. The deviation is then read off upon thi 
sAale. 

The results ohtained by different instrimients of this kiisl are only com 
parable if the angle of the prism of each instrument, the focal distance n 
the lens E>, and tin- scale ft are precisely the same.- Allen slates that thi 
is not always the ca.se, and that a sample of oil which .showed 4-&' in* hi 
instrument gave (i° and 11", lespectively, in two others. Therefore, ever 
new in.stnuiiE'iit. before being purchased should be tested with geniiiu 
samples of two or three tvpical oils, s.ay olive, linseed, and casVir, and Ur 
deviations compared with'tlie nmnljers given in Table LI'V., whicli contain 
the results of varfoufi observers. 


H.— COIOUB AND .APPEABA.NCE. 

The mlour and appearance of lubricating oils are very variable 
Some, like lard oil, ane aljnost colourless, but most present a variet) 
of shades •Ilf yellow, red, brown and green. All the fixed oils am 
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the refined mineral oils are transparent; the nnrefined natural and 
reduced mineral oils are mostly opaque. Some exhibit Ruorcscence. 

As the colour and appeanince of oils depend upon the conditions 
under which they are viewed, this physical character, when of import¬ 
ance, nmst bo observed under definite conditions. Redwood uses 
for the purpose Lovibond’s tintometer, observing the colour of the 
oil in a 2-111011 cell.’ l<'or the darker oiks, a }-inch cell is convenient. 

’ Jour. Soc. Gkem. hid., ix. (1890), p, 14. 



CHAPTER VII. 

CHEMICAL TKOPERTIES AND METHODS OF EXAMINATION 
OF LUBRICANTS. 

A.— FREE ACLD OR ACIDITY. 

I. Nature and Amount of the Free Acid in Oils.—Free acid in an 
oil or fat may consist of 

{\) Freefaftn arid, naturally existing in small quantity in most 
vegetable oils, or set free in larger quantity by tlie decom¬ 
position of a vegetable or aniiu^' oil during storage in a 
crude .state,., or by the action of sulphuric acid in the 
refining prooe.ss; 

(2) liottin acids, present as a natural constituent of rosin oil, or as 
added rosin ; 

(.“I) Organic {pdroleum) acids, naturally existing in crude mineral 
oil; 

(4) Free mlphuric or utlver mineral arid used in refining the oil 
and not projjerly washed out. 

Free acid of any kind is objectionable in a lubricant for metallic 
surfaces, owing to its corrosive action. Free fatty acids have the 
additional disadvantage that the soaps formed by their action on 
metals dissolve in the oil and cause it to thicken and gum. 

Mineral lubricating oils in the dark unrefiixed state contain small 
quantities of weak organic acids varying, according to Holdc,' from 
0‘2 to 2'0 per cent., ealcidated as oleic acid ; but the pale oils, when 
well refined, are almost perfectly neutral. Owing to their constitution, 
mineral oils are not capable, like animal and vegetalilo oils, of 
developing acidity by decomposition, though some of the contained 
hydrofarbons can undergo oxidation with formation of rcsinons and 
asphaltic products. Acidity of rejined'mineral oils is moat likely td" 
be due to the accidental presence of sulphuric acid, which is used in 
refining, butisuch an impurity is ncFw rarely met with .and would show 
great carelessness in washing the oil. 

All vegelflble and animal oils, on the other hand, contain free fatty 

^ J)ie UnUmKhitng der SchmiermilUl, 

2)0 
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acids in proportions varying from less than 0-5 [jer cent., to' npwards 
of 50 per cent. The least acid oils arc those reliiicd with alkali, such 
as ‘ animal oil' and cottonseed oil; the acidity of these oils varies, 
accoi'ding to the authors’ cxpericnco, from 0'08 to 0-26 per cent, i.e. 
it is practically ncgligihlo. More acidity is met with in those oils 
which are refined with sulphuric acid, such as rape oil, which contains 
on an average about 2'2 per cent, of free (oleic) acid, varying from 
‘I per cent, to about 0 per cent., but seldom exceeding 5 per cent. 
ii7S samples of rejined rape oil, tested by Archbutt during throe 
years ending 31st March lii05, all re[)rc3enting large contracts, gave 
the following results :— 

Number of Sample!. 

122 

22;i 
30 
3 

378 iAvermic)^ cent. 


Free (Oleic) Acid, jior cent. 

I'l-l'O 

2'0-2'<J 

3'0-3'S 


Traces of free sulphuric acid are met with in rape oil which has 
been rctined with this acid (see p. 313). 

Those oils which are stored in a crude state,’and are not afterwards 
chemically refined, often contain such hirge amounts of free fatty 
acids as to quite unfit them for use as lubricants. 

Thus, in 9 samples oi pal.ui oil. Archbutt found from 11'9 to 78'9 
per cent, of free (palmitic) acid.* Ijcwkowitsch states that he has 
found from 00 to 70 per cent, of free (p-almitie) acid in i large number 
of commercial palm oils. 

In 101 samples of olioe oil from various sources. Archbutt found 
the following percentages of free (oleic) acid **;— 


Tahle LV. 


Number 


Free (Oleic) Acid per cent. 

S.unpleii. 

Sourcf. 

__ 

- - - 

- —- — 


Uighciit. 

Loweat. 

Average. 


• 




70 

Spain, 

25'] 

l',5 

U'O 

36 

Italy, 

2.')'2 

6’9 

8'.') 

28 

Sicily, .... 

16-6 

()•.'> 

W’l 

12 

Candia, . . 

16-8 

u'5 

9-5 

3 

Levant, .... 

13-6 

8'5 

10-4 

2 

Zante, .... 

8-7 

4-8 , 

6-7 


’ Analyst, ix. (1884), p. 171. 

^ Jour. Soc, Chem. Ind., viii. (1889), p. 888. 
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136 samples of olive oil, supplied under contract to a specificatior 
limiting the free (oleic) acid to a inaximvim of 4'0 per cent., contained 
a minimum of 0'6 j)ci‘ cent., a maximum of 7'4 per ceiit., and an 
average of 2'86 per cent, of free (oleic) acid. 

Other observers liave found from I'O to 27'2 per cent, of free (oleic) 
acid in olive oils. 

In 2.') samples of iallow examined by Decring ’ the following per¬ 
centages of free (oleic) acid were found :— • 


Table bVI. 


Numhfir 

of 

Saniiik'B. 


Source. 


1 


Free (Oleio) Acid per cent. 




kOWCBt. 


Average. 


13 

1 .... 

12-20 

2-20 

4 

1 Australian beef, 

8-,S.5 

1-T.5 

J 

1 „ mutton, . 

7T.t 

0-85 

2 

Town tallow, 

(i-95 

4T>r> 

1 

Unknown,. 

2-10 


1 

Town tallow, six ywirs nbl, 

25-II 

0 



5-48 
4-47 
3-91 
.-i 7.-) 


Kighty-cight samples of tallmo examined by Archbutt gave the 
following results:— 


Table LVII. 


Numhur- 


j Free (Oleic) Acid jier cent. 

of 

Surijplus. 

Snurct*. 

1 _ 

Higlieit. 

Lowest 

Average, 

55 

Home melted, . 

1 

11-90 ' 

1-40 

i 4-89 

<) ' 

An-stralian million, . 

12-84 

1-00 

; 4-84 

11 

South Atuericyiu beef, 


O'-^O 

i 2-07 

12 

Unknown,.... 

10-60 •, 

1-30 

4'()5 

1 

” ■ • • 

83-60 


o 


227 samples of tallow, supplied to a specification limiting the free 
oleic) acid to 4'(1 per cent., contained a minimum of 0 5 per cent.,, 
. maximum of 26'2 per cent., and an.average of 2’80 per cent., of 
ree (oleio) acid. < 

In 23 samples of hdian castor oil examined by Deering and 
tedwood,^ tlft acidity, calculated as oleic acid, ranged from 0'70 to 
■30 pel' cent., and averaged 2'58 per cent.-; C samples of castor oil 

^ flour. Soc. C/t^vi (1884), p. 540. 

' Ibid., xni. (1894),.p. 96i. * 
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for lubricatiny;, cxainiiicd by Arehbutt, contained from l‘4-7 to i'TO 
per cent. ; and Ttiomson and liallantync found, in two samples, 1'46 
and 2'1() per cent., respectively. Hut Nordlinger found ^ in 9 
.samples of expressed castor oil from O'dd to 18'61 per cent, of free 
acid, or an average of 9'28 per cent. ; whilst in samples of 
extracted oil ho found from 1'18 to 5‘02 per cent., or an average of 
2'78 per cent. 

In 8 samplej of .<pcm oil, seven examined by Decring and one by 
Thomson and Ballantyne, the acidity as oleic acid ranged from 
O'.'jO ti) 2 d4 per cent., and averaged 1‘7 jier cent. ; in two .samples 
of Ardic xp&nn oil it was 1-97 and 2T1 per cent, respectively, 
a^■eragiug 2’01 per cent. Kourtcen samples of Southern sperm oil, 
examined by Veilch Wilson,- contained from 0-u to 2'0 per cent, of 
acid’ty, averaging 1 '32 per cent.; and 29 samples of Arctic sperm 
oil contained from O'.o to 3-0 jjcr cent, of acidity, averaging 1'78 per 
cent. 'J'hcreforu, Arctic sperm oil is a little, but not much, more acid 
th.an Southern sperm oil. 

.\eidity is not the same as ranciilifff. Ballantyne ' has shown that 
oils c.an become rancid without the lilamitiou of any free acid what¬ 
ever, and the converse is also true. The resoarehes of Kitsert and 
others have proved that the changes which produce rancidity of oils 
are due to oxidation.' 

The acidity of most fatty oils tends to increase by kee[)ing, but 
re,lined oils can be kept for considomble periods without undergoing 
any change of practical importance. Thus, Ballantyne'^ found that 
oli\o, rape, castor, and arachis (ground nut) oils remained unchanged 
in acidity for six i'ionth.s, whether kc 2 )t in the dark in corked bottles 
or exposed freely to sunlight .and air; and some l eiitral jjalni oil 
])roj)ared by one of the authors, after being kept in a stoppered 
bottle in a dark cupboard for fourteen year’s, was found to coi'tain only 
0’4 per cent, of acidity, calculated as palmitic acid, all of which may 
have been originally present, as the .acidity was not determined after 
the oil had been purified. 

II. Effects of Free Fatty Adds in Lubricants.—Bnrstyn,'’ who 
was one of the first to jiay attention to the corrosive ellbcts of fatty 
oils upon axles and healings, .showed, in 1876, that the action of olive 
oil on brass was greater the more acid the oil. It is, therefore, to be 
regretted that Redwood*’ and others who h.ave been at much pains in 
investigaijug the relative action of various fatty oils upon metals did 
not determine the amount of free acid contained in the oils they 
experimented with. This omission makes their experiments almost 
valueless, as the ditt'erent (;rieet3 obsen’ed may have boun,entirely 

' Zeih. Anal. Chem.. xxviii. IkS, * 

- Cariientor and Lcask, Zmp, Candles, Lubrkants, and Chjetrin, p. 298. 

" J(mr. Sac, Chem. hid., x. (1891), p. ’19. • 

‘ For a full discussion of the subject see Lewkowitscli, Anabjais of Oils, etc., 
vol. i. p. 19 ci seq. 

' Bingler'a Polyi. Journal, coxvii. ji. 314, 

** I. J, Redwood, Jours Soc. Chem, hid,, v, (1886), ji. 362, , ^ 
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due to difforeiices in the acidity of the various oils, and not to any 
diti'ereneo in the pru])crties of the oils themselves. 

Not only ia it probq.hle that neutral fatty oils have no chemical 
action on metals, but it is doubtful whether even free fatty acid can 
exert much action in the absence of air and nioi.stui'c. Thus Fox ' 
snsjjended thin sti'ijjs of lead in the mixed fatty acids prejjared from 
olive and linseed oils, and found that after having been heated for 
several days to ‘J’20° F. the lead had not lost weight, JC. IVmath ^ 
took bright, aocui'ately weighed strips of iron, copper, brass, and zinc, 
and completely immersed some in strongly acid olive oil and others 
in eriidc oleic acid. At the end of three weeks the strips were found 
to have suffered very little loss of brightness and a scarcely perceptible 
loss of weight. Kven when the oils were kept heated to 70°-80° C. 
(lOS'-lTC F.) for several da,ys, the metals were not attacked. But 
if, previous to immersing the mebils in the acid oils, the latter were 
thoroughly emulsified with air, or es])ceially with water, hy vigorous 
shaking, eorrosion readily took jd.ace. Donath concluded from these 
experiments that the c<)rro.sive sietion on metiils of lubricating oils 
containing free fatty acids depends to a great extent ujjon whether 
the oiled siirfaee.s come into contact with atmospheric oxygen, and 
whether, l\y condoms,ation or other means, water gets into the oil. It 
is dillieult to aecoimt in any other way Ujs the very erratic manner 
in which corrosion sometimes takes place,Ciieh as is illustrated by the 
following expcrimcntumde by one of the authors several j'earsago. 

Four samples of rnilway wcujon t/i-enne, each composed, in the same 
jiroportions, of tallow, ])alm oil, soap, and water, hut containing resj)ec- 
tivelj’ 0'4, I’d, I’G, and 4’0 per cent, of free fatty acid, were taken, 
also a sample of very acid palm oil, free from water, containing 72’2 
per cent, of free (palmitic) acid. Into each of these five specimens of 
grease, etc., two strips of bright steel w'erc inserted, and after an 
interval of four months they were taken out, cleaned and examined, 
with the following results: — 


Stripn iniiiicrMed in 


I Grease No. 1, 

' Grease No. 2, 

! Grease No. h, 

I Qrea.se No. 

I Acid palm oil. 


I'Yee Fatty j 
Aol.l 
per cent. 


) 


0-4 
1’4 I 
I’O ! 
4-0 I 
72’2 I 
I 


Condition uf the Mte«I aftt^r l^our Montlis' inmiersion. 


Botli htrips I 

» ») 1 
1 .-'trip bright, 1 deeply corroded it one spot.; 
Both strips deeiAy corroded on one side, | 
Both strips merely stained and nm < 'rroded. 


If fatty aei(l.s -alone can attack steel, the two stnjw i.’nmersod in 
i.he very acid-yalrn oil should have teen the most corroded, instead 


‘ Amli/st, yiii. (1883), p. 116. 

^ Dimjler's Polyl. JonmaJ, ocxciv. ii. 18C: Jour. Hoc. Chem. Ind.. liv, 
(1896), p. 2p, , 
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of which they were merely stained, whilst the strips immersed in the 
grease containing only 4 per cent, of free fatty acid were both deeply 
corroded, doubtless because of the simultaneous presence of water. 
It will be observed that the most acid grease proved to be the most 
oorrosi\'o of tlie four. 

Oleic acid, water, and iron filings, if heated together in a test-tube, 
react briskly, hydrogen being evolved and brown oleate of iron 
formed. This, compound is decomposed, by oxidation, into ferric 
o.xide and free oleic acid, which again attacks more iron; in 
this why a comparatively small (piautity of the free fatty acid has 
been known to perfoiuto w rought-iron plate moi’e than inch in 
thickness.^ 

Although a metal in stationary contact with a cold solid grease 
containing free fatty acid and water may undergo seriousjjoraf pitting, 
as proved by the above experiments, tbe conxjsive actioiilipon a brass 
or journal of the fnie fatty acid existing in a fluid oil, or in a grease 
lubricating a journal in motion, may escajH) notice, because it is spread 
over the whole of the rubbing surfaces. Ilut the v.<fect of chemical 
action will be observable in the thickening of the oil and in the 
formation of gummy deposits. Thus, a mixture of olive oil with 
from 10 to 15 per cent, of mineral oil, which liad been taken out of a 
railway carriage axle-box after about three weeks’ use, was found to 
bo mueh thickened, of a deep green colour, and coi'tained in solution 
much copper and zinc, Some of the oil was dissolved in ether and 
shaken with dilute nitric acid to extract the dissolved metals; the 
ether was then evaporated, and the oil was recovered with its 
original colour and almost its original fluidity restored. Krom this it 
is evident that tbe thickening and gumming of tatty )ils on bearings, 
generally attributed solely to oxidation, may be due partly to soaps 
formed by the cbemio.al .action of tbe free fatty acids upon the metal 
of the bearing, dissolving in and thickening the oil. In the oil used 
by woolcombers for oiling wo<j1, the .amount of free fatty acid is of 
secondary importance eomp.ared with freedom from a tendency to 
oxidize and form a sticky residue on the wool libre.^ 

III. Determination of Acidity.—The acidity of lubricating oil, 
which, as already stated, may be due to the presence of more than 
one desoriptiou of free fatty or resin acid, or (rarely! to a mineral 
acid, is generally dotoriniuuti volametrically and ex))vesBed either as 
oleic aoitior as mdphurio acid or sulphuric anhydride. In this co>intry 
it is usual to express the acidity of a fixed oil or fat in terms of oleic 
acid ; on the Continent the acidity is frequcntly»stated as sulphuric 
anhydride. Another nictlio;! of expression, adopted by Beyedikt, is 
known as the ‘acid valve,’ which is the mimher of milligrammes of 
putash (KOH) required to neutralize the free acid in 1 gmi. of oil. 
Konttstorfer has proposed to express the acidity in ^degrees,’ which 

* V. Wartha, DingUr'n Polyt. Jourruil, eexv. p. 116 ; Stock, Chem, News, 
xxxix. (1878), p. 8. 

^ Eichaidson and Jowr. Soc. (Them, hid., 1906, 634. - 
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are the number of c.c. of normal, alkali reguired to neutralize the 
aciditi/ of 100 gnm. of oil. Koettstorfcr’s degrec.s have the advantage 
to a chemist that they are at once converted into any rci|uired acid, 
if multiplied by the saponilicivtion equivalent of tliat acid—1000. 
The relation of the different methods of expression is shown in the 
following table by Benedikt:— 


DejjreRB; t. c.c. of 

Acid Values; 


» 

normal alkali ro< 
qiiired to neutralize 

= mUlignii8. of KOU 
rcquii-efl to iioutralize 

Olelo Acid, per c^nt. 

Sulphuric Ahliydride, 
per ;out 

100 (crms. of oil. 

1 Ki'in of oil. 


1-0 

0-561 

0-282 

0-040 

1-78;^ 

1-0 

0-5027 

0-0713 

3-546 

1-9HG3 

1-0 

0-1418 

25-000 

14-025 

7-05 

l-o 


For the determination of total acidity, 5-10 gnus, of the oil may 
be completely dissolvcfl in a neutralized mixture of ether (4 pints) and 
absolute alcohol (1 part) and titrated with an alcoholic decinormal 
solution of caustic soda, using phcuolphthalejn as indicator : or the oil 
may he merely shaken up in a flask with naffftialized metliylated sjiirit 
(which di.ssolvos the free acid, leaving most of the ncnti'al oil insoluble) 
and titrated svitb aqueous caustic soda solution. The latter method 
is simpler, and is sufficiently accurate ; it is, therefore, preferable for 
technical purposes. The solutions required arc - 

eratal (agiceous^ caithlic sofht solulitm. 1 c.c, = 0’2H2 grill, oleic acid. 
A clear aqueous solution coutaiiimg 50 grins, of caustic soda in 
100 c.c. (see p. 225) is diluted with distilled walci- free from CO.^, 
until of correct .strength, 2)henolphl)ialeiri being used a.s indicitor 
in titrating. 

PkenoLphthahin solution. An alcoholic solution, eonlaiiiing 3 grins, 
pheiiolphthalein in 100 c.c., neutralized by shaking with dry'^pre¬ 
cipitated calcium carbonate and filtering. 

Xeutralized mefhyhited sjnrit ; prepared by filling a stopyicrcd bottle of 
about 500 0 . 0 . capacity with ordinary inethylated spirit, ailding' 10 
c.c. of iilienolphtlialein solution, and dropping in normal caitstic 
.soda solution from a burette until the liquid assumes a faint ixirmanoiit 
pink colour. t 

To determine the aeldlty of a fluid oil in terms of oleic acitl, weigh 28-2 
grms. of the oil into an Erlemneyer flask of alniut 250 c.e. cnjiacity, add 
60 c.c. or neutralized alcohol and 2 c.c.pS iiheiioljihthalciu solution. Then 
add normal caustic soda solution from a burette, cautiously at first, but 
afterwards in quantities of 0-6 to I'O c.c» or more at a time if the crimson 
colour at first roriiied disappears quickly on shaking. When the colour 
begins to disapjwar slowly, cork the flask and shake it violently, then add 
the soda in smaller quantities, filjally drop by drop, vigorously shaking the 
corked llasl^fUT the addition of each drop, until the alcoholic liquid is 
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permanently coloured a faint pink. The number of c.c. of normal caustic 
soda solution used is tlie i)erceiitage of free a(dd, cxi)res8ed as oleic acid, in 
the sample. If the quantity of oil available is small, 2*82 grins, may be 
titrated with (hnnormtd soda, which will give the same result. 

A wild /'f/, sucli as tallow, may be titrated in the same way as a 
fluid oil, if the contcMits of the thtsk be ke]>t sullicicntly healed to maintain 
the fat in a melted condition, Jn weigbingout the. fat, some of it is first 
melted in a beaker and ]»>uml, while melted, into tbe connlerjioiaed flask 
until the weight is nearly made up. The flask is then removed from the 
balaiK^e and uTlowei! to be<i(.mie <juitc c-old. It is llien replaced, and the 
exui't^.e.glit is made iqi by adding a little more fat. In titrating palm oil, 
wliich is H..metimes de,ep red in colour, tbe half or quarter of 28-2 grnm. 
may be taloui and mixed witli 100 c.c. of alcohol instead of 50 c.c..; the 
colour change* can then be sharply detected, even with very red samples, 
'the volume in c.c. is multiphed by 2 or 4, as tbe case may be, to get the 
percentage of ac.id. 

Very dark coloured oiU, in which the colour change cannot he iletecled 
by the above method, .«ln»uld he very well shaken with two nr three 
times t-h<*ir volume td' iieutnilize<I alcohol, then poured into a separating 
funnel an<l left for the Ihpiids to st‘parate. The oil is drawn off into the 
original (lask and sliakeii again with an espial volume of alcohol, whilst the 
alcoholic solution in tin* .‘ieparalor is dniwri off into a clean flask. The 
mixtun of aleolnd and oil is again jM>ine<I into tlie funnel and allowed 
to separate, the oil is then drawn off and shaken a tliird time with 
alcidiol. 'J'he second and third alcoholic extracts having been mixed with 
the first, ]>henoI])}it]ialem is adilcd and the liquid i.s titrated with caustic 
soda. 

Free miueral acid must l>e l4*sted for sejiarately, as the above methods 
make no d istinctiun liet\vi‘en fatly and miuei-al acid. To detect the presence 
of mineral ainil, t>ak(* a known <juanlity, say 25 c.c., or about the same 
numher of gramme*^ of the oil, and well shake it in a sejiaraling funnel with 
200 c.c. of hot water. When the water has (juite sejiarited from the oil 
draw it off through a ivet filter jwqier into a {la.sk, and add to the cold liquid 
a fe.w droji.s of methyl-orange indicabir, which is unaffected by fatty acids, 
hut in l,he ])re.''enee of free, mineral acid will tinge the liquid i \1. If free 
mineral ac.id he detec.ted, the oil imiy be again shaken several times with 
.small (piantitiea of hot water, until all the acid has been washed out, and 
the mixed aqueous liquids may then he neutralized by adding normal caustic 
soda Holiitioii until the red colour just t'hanges to yellow. 1 c.c. of normal 
caustic, soda is equivalent to 0*(>4b grin, of .Hulphuric acid, or 0'040 grin, of 
sulphuric anhydride, in the ouantity of oil taken. The neutralized solution 
i 4 ?ly bo boiled down to a .small volume and portions tested with appropriate 
reagent,fl in orde.r to dolermiue the nature of the acid present. (See also 
p. 313.) 

Oils cimtaining sidphanaied fatty aciiU must be well boiled with water 
by blowing .'^team through the mixture, in order to decompose the compound 
acid, thus:-- • 

< (;i() 4* + S02(0H).^ 

HiiIphO'Btoaric acid. • hydroxx-Htearic add. sulphuric.* add. 

To determine the sulphuric acid, the aqueoiw liquid, after aeparalioii from 
the greater part of tbe oil, is evaporated down to abaut 70 c.c., filtered 
bright and titrated, cold, with standurd soda solution, using ^igthyl orange 
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as iiidifalor. The liquid may afterwards be acidified, ijrecipitated with 
barium chloride, and the barium sulphate weighed, if desired. 

Oraylmetric determination of free fatty and reein acids.—The free fatty 
and resin acids existing m an oil or fat may be separated and weighed in 
the following manner:— 

grins, of the sample are dissolved in etlier and rinsed into u separaiing 
funnel, into which a few drojis of water have been placed to seal the tap. 
The otliereal solution is shaken reiiealedly with small quantities (10 20 c.c. 
ala time) of a dilute solution of caustic soda (containing 20 ij.c.of a 10 per 
cent, solution of NaOUand 10 c.c. of rectified alcohol made up with water to 
100 c.c.) until all fatty acids are extracted (10 c.c. of the dilute soda .soVition, 
wdiich is roughly seniinormal, will dissolve l'4grm. oleicacid). The mixed 
aqiieoins extracts are first shaken with a little ether to remove traces of oil, 
then decomposed with dilute sulphuric acid, and .shaken with ether to 
dissolve the liberated fatty and resin acids. After washing the ethereal 
solution, it i.s di.stilled in a tared Hash, and the residue i.s heated on the 
water-oven until constant in weight. Kesin acids may then he separated 
and determined by Twitchell’s jirocess (p. 238), and, if desired, the neutral 
oil may he recoveref! liy di.stilling the original washed ethereal .solution. 

IV. Amount of Free Acid permissible in Lubricants. —The 
amount of free acid permiBsible in a h^brioating oil depends upon 
the nature of the oil and the purpose it is used for. A refined 
(pale) luincral oil .should not contain any apid whatever; but the 
dark-coloured ‘ reduced ’ oils may be exacted to contain traces 
of weak organic acids varying, aoconiing to Holde, from 0'2 to about 
2'0 per cent., ealoulated as oleic acid. Free mineral acid, which can 
only occur through imperfect refining, should not he permitted in 
any oil ; but some free fatty acid must be allowed in fixed oils and 
fats. Kxpericnce shows that 4 per cent, of free fatty acid, calculated 
as oleic acid, is a practicable working limit, and no olive oil, tallow, 
or other oil eontaining more than this proportion of acidity should 
be used for Inhricating. The less there is below this amount the 
better the oil. 

'V. Prooesa for refining small quantities of oil.—Neutral oil or tallow 
required in small ipiantity for delicate mechaniam, inatrninents, brass taps, 
3tc., call he prepared as follows :—Take a good commercial sample of the oil 
or fat, containing not more than say B-7 per cent, of free (oleic) acid, and 
place it in a bottle with one-thirJ of its volume of caustic soda snlutiSn, 
prepared by mixing a 6 nor cent, aqueous solution of caustic soda with half 
its volume of nielliylated spirit. Add also some phcnolphthalein. Stand 
the bottle in hot water, so aa to raise the temperature of the cententa to 
ibout 160° F., and then shake the oil and soda together, thorouglily, hut not 
too vigorously. If ,th% crimson colour of the phenolphthalein is hlaached, 
udd niorq^soda until the colour remains per^ianent on continued shaking. 
Then allow the liquids to semrate, whilp hot, in the bottle or in a separating 
fumiel, and siplioii or tap off tlie lower liquid. Wash the oil by ehaking it 
1 few times with^ mixture of water two volumes and methylated spirit one 
volume, allow to stand until the aqueous liquid haa separated, filter the oil 
through a dry filter, and heat it in the water-oven to a temperature not 
ixceeding 212° F. until brigljf. 
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B—DETECTION OF SAPONIFIABLE AND DNBAPONI- 
FIABLE OIL. 

I’uro miiiural oils and refined rosin oil free from rosin acids arc 
elicmiciilly indifl'eront towards alkalis, Init all the fixed oils, fats, and 
wa.\os when heated with cianstic soda or (Minstie potash arc sajionified, 
witli forniati^i of f^lycoro! or wax alcohols and soa])s. This difference 
of heh.uionr is the basis of the })rocesses for the detection and deter- 
ininacion of fixed (saponifiable) oils and hydrocarbon (unsaponifiahle^ 
oils in the presence of each other. 


1. Detection of Fatty Oil in Mineral Oil. 

Lux’s tost, iinprox’ed by lluheinann,* deiJCnds upon the property 
possessed by (piitc small (piantitics of soap of causing the gelatiniza- 
tion of mineral oil, as well .as nj)on the frothing or foaming of soapy 
li(jnids when heated. 

3-4 c.c. of the suspected mineral oil are placed in a dry test-tuhe with a 
aiiiiill piece of caustic soda, and the tube is heated in a paraffin bath for fifteen 
minutes to a feniperature of 230° C. in the rase of pale coloured oils, or 250' 
C. in the case of dark mineial oil.“ or cylinder oils. If \ery small (piantities 
(as small a,s 2 ])er cent.) of fatty oil are to be looked for, a duplicate teat ie 
made at the same time with metallic sodium instead of caustic soda. On 
removing the tubes from the bath and allowing them to cool, the presence of 
a saponinable oil is indicated by the gelatinization (complete or partial) oi 
the contents of one or both tubes, or by the appearance, on the surface of the 
oil, of a soapy froth, the amount of which is proportional to the quantity 
of saponifiable oil present. Both gelatinization and the soapy froth may 
he observed. Holde states,* as tlie result of a large number of “nneriments, 
that by this test as little as 0’5 jicr eeut. of fatty oil m.ay he detected in 
pale mineral oils, 2 per cent, in dark-coloured oils, and 1 per cent, in 
cylinder oils. 


II. Det-jotion of Mineral Oil in Fatty Oil. 

• 

The following test by Holde* depends upon the fact that an 
alcoholic solution of pure soap remains clear on the addition of a 
limit! d ljuantity of water; but, in the presouoc of mineral oil, the 
addition of water causes t!ic formation of a ^urbidity, due to the 
precipitation of the unsapni ifted mineral oil. ^ 

A piece of caustic potash about the size of a pea, is heated in a test-tube 
with about 6 c.c. gf absolute alcghol until dissolved ; 3 or 4 drops of the 
suspected oil are then added, and the liquid is boiled for«one minute. Or, 
better still, 6 c.c. of a clear seininorinal solution of potash in alcohol (see 

' Jour. Soc. Chem, Ind., xii (1893), p. 470. 

* Did UiUersucKung dtr Schmicrmittel. 



220 LUBRICATION AND LUBRICANTS. 

3. 221) are boiled for two minutes with 6 to 8 drop.s of oil. To the soap 
solution thus prepared distilled water is gnulually added, well mixing after 
iach addition, until from 0 5 to 15 e.c. laivc been added altogether. If im- 
«iponifiable oil be alxsent the solution I’emain.s clear, even when mixed with 
;be maxiimim [iroportion of water ; but the jsrcseuce of even 1 per cent, 
if mineral oil wilt cause the formation of a turbidity. Careful observation 
,8 needed, since the ebaraeteristic fi'e.ble turbidity proiliiced by a very small 
■jroportion of iniiieral oil (O'D to 2 [ler cent.) sometimes tlisjtjiiiears again on 
■he addition of more water, and may, t-herefore, easily be overlooked. liosin 
)il, if ]irese.nt in smaller proiiortion tbati 12 per cent., is not delected The 
ligber alcohols formed on saponifying the fluid waxes do not preeipiUte at 
nice on adding water, but remain di.«solved in the soaji .solution for some 
innsiderablc time ; therefore,, thi.s test can be used for the detection of 
uincral oil in .sjie.rm oil {Lobry de Ilrityn '). 


C.—THE SAPONIFICATION VALUE. 

1. Meaning and Use of this Value. 

The reactions botwcoii caustic alkalis and the cstera contained in 
lils and fats take place in definite projxirtions, and in the ease of 
my single ester can be represented by a^'eqnation (see ]>. 10.')). 
riiu.s, one molecule of every glyceride requires for saponification 
;hree molecules of potash, whilst one molecule of the ester of a 
nonoliydric ahiohol reijuires one molecule of potash. The (juantity 
)f potasli reijuired for tire saponification of any single ester, such as 
lure stearin or (dein, can therefore he ealcuhited, and serves to 
dentify it, hut the cpiantity required to sajMjiiify thu mixed esters 
tnown as - fixed oils, fats, and waxes can only ho ascertained by 
ixpcriinent, and when expressed as a percentage - is called the 
najioidjif.alion ralm ’ of tlie oil, fat, or wax. 

lleferenee to the table on p. 222 will show that the majority of 
■aponifiable oils require about the same percentage of potash for 
aponifioation, the exceptions being rape oil, mustard oil, castor oil, 
aid some of the fish oils, which reijuire less than the average, anil 
mtter fat, palm nut oil, coconut oil, and porpoise and dolphin jaw 
Us, which require comsidorahly more. The waxc.s have cliaracter- 
atioally low sa])oniflcation values. Hydrocarbon oils, of course, have 
lone, llenoo, a knowledge of the saponification value enables ns to 
Icteot, and frequently to approximately determine, the proportion of 
lydrooarbon oil in » mixture, to identify in a pure state th'i.o oils 

' JoUr. Ste. CKem. Ind,, xiiL (1894), p. 426. ' 

Koettstorfer, who originated this testa% a means for detecting flic adultera- 
ion of butter, expressed liie results in milligrjimmes of potash per gramme of fot, 
in parts per lOiO, and, with the exception of Allen (Comnil. Org. Anal,), most 
uthors have followed his example. The acetyl values of oils a'-e eimilurly 
zpressed, but the Hehner and iodino values have always been expressed in 
ercentages. For the Bake of unifurnrity, the percentage system is adopted for all 
alues given ^this volume. ' ' 
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and waxes wliicli have characteristic values, and, to a limited extent, 
to detect the adulteration of one fatty oil with anofher having a 
different saponification value. 


II. Letenniuation of the Saponification Value. 

For the ck^tcuiiination of this value the following reagents are 
required :— 

seminormal alcoholic potashy made by dissolving about 18 
grins, of the imrcHl ohUiinablc potash in r)00 c.c. of pure rectified alcohol. 
As ]K)tasli ‘jnire by alcohol ’ usually contains about 20 per cent, of water, 
this solution will he about scmiiioriiial in strength ; if anhydrous potash 
)>e used, 14 grins, would be enough. 

If made with impure spirit, the solution will rapidly assume a red or 
brown colour and will then be unfit for use, but if made with pure rectified 
alcohol it will slowly acquire a pile yellow lint which in no way interferes 
with the test No <linicnlly will be exiKirienced in dissolving the potash 
in the strong alcohol if the following plau he adopted Introduce the potash 
au<l 1-lie alcohol into a 500 c.c. test mixer, iiiMU't the stopper, and invert 
the cylinder so as U) bring the iwtash to the upper end. Then lay the 
cylinder ujkui the bench an<l mist" the upper end upon a block at such an 
angle that tht^ ]K>tash will not slide to the bottom ; it will then very rapidly 
dissolve. AVlieii solution is complete, well mix the coiiteuls of the cylinder, 
allow to stand over night, and filter through a dry liller paper into the 
reagent bottle, which should be closed, by a rubber stopper and kept in a 
cool, dark cupboard. 

Semiibonnal hydrochloHc acidy accurately standardized with pure sodium 
carbonate, which has been heated to just below redness for five minutes and 
cooled ill a covered platinum crucible in a desiccator immediately before 
weighing. 1 c.c. of strictly seminormal acid neutralizes 0'02807 gnu. KOH. 

Phenolphihalein aoluHon. (See p. 21G.) 

{a) In determining the saponification value of a fixed oil or fat, 2*5 grms. 
are weighed into a small wide-nccked flask and 25 c.c. of the seminormal 
potash solution are added from a ])ipclto. Exactly tlie same volume of potash 
solution is then delivered into an empty flask of the same size and shape. 
The two flasks arc closed by corks having a groove filed in the side for the 
^cape of va])our. The ‘ blank’ quantity is placed at once inside the water- 
oven. The flask containing the oil is first of all heated on a steam-bath 
until the alcohol commences to boil; it is then agitated with a rotary motion, 
to and iro, 80 as to break up the oil into small globules and facilitate the 
saponification, care being taken not to splash the hemid np on to the cork. 
Wlien (in the case of a pure fatty oil) the globiiles of oil have entirely 
disappeared, or wdien (in tiie,«ai8e of a mixed fatty and mineral ^il) the oil 
and alkaline solution nave been thoroughly boiled and agitated together, the 
flask is placed inside the watei**oven. After fifteen minutes have elapsed, 
the ‘blank’ quantity is taken^out, mixed with about 1 c.c. of phenol- 
plithalein solution, and carefully titrated with the seminormal acid until the 
crimson colour is just bleached ; the flask containing the saponified oil is 
then similarly treated, and from the relative volumes of acid used the 
saponification value'is calculated as shown by the following ^ample;— 
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TabIjE LVIII.— 

Saponification Values op some Oils, Fats, and Waxes. 

01U88. 

Name of Oil, etc. 

Sapoixifuiaiivn ’Yahit.. 
KOH required toaaiMinify 
100 parts of the substance. 

Vegctablo Nou- 
drying Oils and 
fata. 

Olive oil, ...... 

Olive kernel oil, .... 

1 Hazel nut oil. 

ben oil,. 

Arachis (earthuut) oil, 

Caator oil, ..... 

Japan wax, , . . . 

Coconut nil, ... 

Palm uiit oil, . . . . . 

Palm oil, ...... 

Cottonseed stearin, .... 

18*5 -10-5; tunally 
about 19'0* 
18-2.^-18-:J8 
l.s-7 -19'7 

J8 B -18*8 

18*1! -19*7 

17-0 -18'7 

21-4 -2S-7 

24*6 -26*8 

24*2 -26*6 
. 19*0 -20-0 

19*5 

Vegetable Semi- 
drying Oils. 

Rape oil, . .... 

Kavifion oil, . ... 

Mustard oil (white), . , 

Mustard oil (black), .... 
CurcBB oil, ..... 

Cottonseed oil, ..... 

8oBam6 oil, ..... 

brazil nut oil, ..... 
beech nut oil, ..... 
Maize oil, ..... 

CameJine oil, . 

17-0 -17*6 

17*8 -18T 

17*0 -17-4 

17- 3 -17-6 

19*2 -19-3 

19*1 -10*7 

18- 8 -19*6 

19*3 

19T -10*0 

18*8 -19*3 

18-8 

Vegetable Drying 
OllB 

liiiiseed oil, .... 

Hempseed oil, . ^ 

Poppyseed oii, . . . w. 

Walnut oil, 

Nigerseed oil, ..... 
Sunflower oil, . . , . , 

18-8 -10-6 ' 

liro -19*3 1 

18-9 -19-8 1 

18-9 -19-7 

18*9 -19'2 

18-8 -19*4 

Animal Oils and 
Kats. 

Neatsfoot oil, ..... 
Lard oil, .... 

Tallow (lieef, mutton, and home refined), 
bone fat,. . . . J 

Lard, .... .! 

Horse fat, 

19-4 -19*9 

19'1 -19*0 1 

19-0 -19-8 

19-1 -19-5 

19-B -19-7 ! 

lO-.B -19*7 ! 

Idarlne Animal 
Oils and Fluid 
Waxes. 

Sperm oils (Southern and Arctic),. 
Porpoiae jaw oil, strained from solid fat, 
Porpoise jaw oil, unatraiued, 

Holphin Jaw oil, strained from solid fat, : 
Porpoise body oil, . . . . j 

Dolphin body oil, 

Wliale oil, .... 1 

Heal oil,. 

Coddiver oil, . . . . .1 

Other flsli liver oils, . 

Menhaden nil, . 

Sardine (Including Japan flah) oil,. .! 

12*S -14‘7 

26*3 -27*2 

14*4 1 

29*0 

19*5 -21*9 1 

10*7 -20'S 

18'8 -19*4 1 

17'« -19*0 j 

lfl-8 -19*8 

14-C-19-lt 

18-9 -19 S • 

18-9 -19*4 

Waxes (solid). 

Wool fat,. 

Spennacetl, . . , ' 

Beeswax, . . . . . ] 

Carnauba wax, , 

• 1 

9-8 -10*2 

12*8 -l»'6f 

8*8 -10*7 

7*8 - 8*4 

. 4»< 

Blown Oils. 

blown rape oil,. . . . i 

Blown ravlion oil, . . .* , | 

blown cottonseed oil, t . .! 

blown seal oil,. 

19*6 -20-8 

20-0 

21-8 -21'6 
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Bydrocarbons. 

mineral oIL . . . . . 

Vaseline,...... 

Faraftn wax and oerasin, .f 

• nil. 

• De NegH am^ahrls, 203 aampIesT 

t Liver8eegej(J^y«2, 1904’, p. 210; records a sample of 

s^rk oil' absorbing only 
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Weight of oil taken j 2-6 grniB. 

N 

Volume of — acid used for the ‘blank’ . 

2 ’ 

» » flample, . 

N 

Difference ;=- KOH re<nured for fiaponifx'-ation, 

2 

Therefore, 100 grms. of oil retjuired 15’5 x 0‘02807 x 40= 17‘40 grms. 
KOII for ooi#pleto saponification; i.e. the saponification vahie is 17'40 
per cent. 

Th? quantity of potash used in this test should be largely in excess of the 
quantity required for saponification, and if it should be found on titrating 
with acid that the potash added has been nearly all used up, the test must 
be rejieated, either with less of the oil or with a stronger potash solution. 
In general, correct result-s will be obtained by adhering to the proportions 
given above. 

(/i) In teahny mixed fatty and mineral oils, especially when the propor¬ 
tion of mineral oil is large, it is safer to attach the flask, by means of a good 
ordinary cork, to a reflux condenser, and boil for an hour or more to ensure 
complete .saponification, the ‘ blank’ quantity of potash solution being boiled 
in the same way and for the same length of time. In testing two or more 
oils at the same time, if there are not enough condensers, the potash solution 
should be measured into all the flasks, and those which have to wait kept 
closed with rubber stoppers until condensers are available, each liquid being 
titrated with acid as soon as it has been removed from the condenser. Wool 
fat would not be completely saponified in this way, and must be heated in a 
closed bottle under pressure with double normal alcoholic potash for about 
two hours (see p. 227). 

(r) 'I’ho tornis ‘ saponifirution oalne,’ ‘ Koeitslorfer value,’ ‘alkali 
value,’ emplo^'ed by various authors, have the same meaning. The 
term ‘ saponi/iration equivalent,’ used by Allen,' means the weight of 
oil or fat saponified by 5G-1 parts of potash, or by one equivalent of 
any other alkali. Thus, tlie 

saponifioation value (%); 100:: .56'1 : the saponification equivalent, 

.•. the saponification eqnivjdcnt=-— • 

the saponification value 

4'lie saponification equivalent of any glyceride is one-third of the 
molecular weight; in the case of the ester of a inonohydric alcohol it 
is identical witli tlie molecular weight, and the same is true of the 
tree ft tt^'acids. 


c.c. 

10*55 c.c. 
16*50 c.f.. 


D. -APPEOXIMATE ANALYSIS OF MIXED 
IX7BEI0ATIK6 OHS. 

It is obvious that the composition of a mixture of mineral oil and 
a single known fatty oil can be calculated from the saponification 

‘ OAnml. Org. Anal., vol. ii. pt.)i. p. 58. 



224 


LUBRICATION XnD LUBRICANTS. 


value of the mixture. Thus, if a mixture known to consist of rape 
oil and mineral oil have a saponificiition value, per cent., of 8’3, the 
percentage of rape oil in the mixture must he nearly 8‘3 x 100.^17’3 
= 47'4, and the porccntiigc of mineral oil 100 - 47'4 = r)2'6. 

When the nature, and therefore the sajKinificatiou value, of the 
fatty constituent is unknown, the poasihle error of the method becomes 
greater, hut dripper' has shown, by the analysis of several mixed 
lubricating oils, tliat the results obtained an“ sufficiently correct for 
eoinmorcial pur|)oses when rapidity is of supreme importance. Ho 
adopts ‘iO'OS per cent, .as the mean saj>onific,ation value of the fatty 
constituent, and, considering the extent to which blown rape oil is 
used in the preparation of conuneroi.al lubricating oiks, this figure 
would be likely to give good resulLs in, perhaps, the majority of eases. 
Very neai'ly the same result wotdd l)e obtained by taking the wliole 
number 20. Then, the saponification value, per cent, of the mixture, 
X 5 is the approximate percentage of sajx)nifiablc oil, and the 
percentage of mineral oil is obtained by subtracting this number 
from 100. 

After determining the saponi'ication value, Gripiwr .again rai.se.s the 
alcoholic Hipiid to tin! boiling-point and pours it on to a filler iiajier which 
has been sivturated with h<iiling w.atcr. The alcoholic solution of soaji, etc., 
quickly runs through, hsii'ing the greatt*r part of^e hydrocarbon oil on tlie 
filter. After wa.shing once with Ixiiling water, tlie .sjH.cific gravity of tliis 
oil is determined liy the alcohol metliud (p. 17B). 


E.— DETERMINATION OF TOTAL DNSAPONIFIARLE 
MATTER. 

If the solution obtained by .saponifying a mixed fatty' and mineral 
oil with potash or soda be shaken with an immiscible solvent, such 
as ether or petroleum ether, or if the dried soap be extracted with 
petroleum ether or chloroform, all the imsa{K)nifiabie hydrociirbon oil 
is dissolved out, and may I)e obtained in a separate .state by evapora¬ 
tion of the solvent, and the amount determined hy weighing. 

Commercial fixed oils and fats,(|uite free from.added liydrnearhoiis, 
oontaiu small quantitie.s of unsapouifiahle substances which, unilor 
similar circurastanecs, .are extracted by the solvent; but in most cases 
the natural uiisaponitiablo matters (chiefly phytosterol, cholesterol, 
etc.) do not amount to more than from 1 to In') per cent. 'l*iie waxes, 
however, such as. sjicrm oil, wool fat, beeswax, and o.arnaiiha wax, 
yield'on saponification, instead of glycerol, monohydric alcohols which 
dissolve‘"in the ctlior and may amount to' from to 5.7 per cent, of 
the wax saponified. Shark liver oil'also frequently yields on saponi¬ 
fication considerable quantities of solid alcohols. 

In-the analysis t)f lubricants, therefore, the determination of the un- 
saponifiable matter isjioti)nlyn means of separating and determining 

Ohem. iVewis.'llxv. (1892), p. 27f 
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the proportion of hydrocarbon oil present, hut it is also a means of 
identifying sperm oil and the waxes, ascertaining their- purity, and 
determining their proportion in mixtures. 


J. General method for the determination of unsaponifiable matter 
in an easily saponifiable oil, fat, or fluid wax, such as rape 
oil, sperm oil, etc. 

The I'ollowing r(iagonts are rc(iuired :— 

Caustic Hoda SohUioii. —250 grins, of pnre caustic soda from sodium are 
dissolved in cold water in a deep porcelain basin, and the solution, when 
cold, is made up to 500 c.e. if not clear, it may be filtered through ordi¬ 
nary iilter paper. The solution is in-cserved for u.se in a bottle closed by a 
rubber .stopper. 2 c.c. contain, approximately, I grm. NaOH. 

Alcokiil. — Methylated alcohol free from naphtha maybe used, but pure 
lectified alcohol of 0'830 sp. gr. is j.referable. 

Ether .—Reilislilled methylated ether of ap. gr. 0‘V25. 

(a) The Process.—Pour about 10 c.c. of the oil into a very small lipped 
beaker and take tiie exact weight. Then take a deep jurcelain basin, 
5A iiiclies in diameter, and a gla.S8 rod, both dry, and pour oil out of tlie 
beaker into the basin until exactly 5 gnus, have been transferred. If a little 
too mne.li is poured, it can Iw returned to the beaker in drop.s on tlie end oi 
the rcxl. A solid fat is weighed similarly, but is taken out of tlie beaker on 
a spatula, wliich is snbsr-qnently rinsed into the basin \4itb a little boiling 
alcohol or a few drojis of etlier. 

Mix, in a stojipered cylinder, 4 c.c. of the caustic soda solution and enougli 
alcohol to make 50 c.c ; pour this into the basin, and boil (jentli/ over a small 
Argand-Buuseii flame, with stirring, nntil most of the globules of oil have 
disappeared. Tlien cover the Ijasiu with a chaik glass and keep the liipiid 
gently boiling until it has become concentrated to about 12-15 c.c., which 
should he miule to take at least half an hour so as to ensure thorough sapoui- 
liealion. It the liipiid should coiiceiitrate too rapidly, add 
25 or 50 O.C. more alcohol and boil down again. The basin 
slionid be snpjiorted on a perforated disc of asbestos mill- 
board to protect the sides from being overheated by the 
flame. Pour the hot soap soliitioii into a globular separating 
funnel of about 300 c.c. capacity (fig. 71),' previously heated 
by rinsing with hot wa.er in order to prevent chilling and 
solidification ol the soaii solution, and rinse the basin with 
small quantities of very hot water until all the soap is tran.s- 
ferred. The volume of liquid in the seimrator should not 
exceed abott 70-flO c.c. Pour, carefully, on the still hot 
liquid about 100-120 c.c. of ether, insert the stopper, and 
whilst holding the stopper and tap firmly fixed, snakis the 
separator, at first cautiously, f.iKler a running tap of cold Fio. TT-j-Separ- 
water, for at least one minute, not too vigorously, so as to ating Kuiniel. 
t'-oroughly mingle the ether and soap solution without- 
emulsifying them. Then place the separator in a stand. ^ One of four 
things will now happen. 

' Made by cutting all but about IJ inebea of the stein off a bulb funnel, and 
filing the end obliquely. . 
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(a) The liquids will separate into two distinct layers, ahont equal in 
volume, the ujipcr oTie an ethereal solution of the unsa})oniflahlc matter and 
the lower a solution of soap. This is a.s it should be. 

(3) The liquid will seqiamte into three well-defined layers, or into two 
layers of whicdi the upper is of much less volume than the lower. This 
shows that tcjo much alcthol is present. Add email measured (piantities 
of cold water, 6 c.c. at a lime, and re-shake cautiously until the liquid 
separates into two layers only, of about equal volume. 

(')) The liquids will nut sejwvratx', but present the ajqajujani;e of a /icarly 
iravspiLrent boinogeneous fluid. Probably too much alc-ohol is uresent; 
if so, the cautiou.s a<lditi<«n of small quantities of water, as in (0), wib catiso 
sej>aration to occur. 

(5) Tlte liquids form an opayue nsdd einnldon. In this case there is 
])rol)al)ly not enough ah^hol, and the remedy is to add more alc^ohol, 2 or 
3 c.c. at a time, ami cautiously mix until sepjiration into lw(j layers occurs 
either at once or on standing for a few minuLes, 

When the liquids have ]>ro]>erly scjm'ated (allow about ten minutes for 
com})lete separation to occur) di*aw oU’ the layer of soa]> solution into 
another separator.^ Shake this again with ether (using about 70 e.e. this 
time), run it off inl.o a third .vjKiiator, and shake a third time with ether. 
Then mix all three ethereal layi***.- in one s^jianitor, wash twice, each time 
with U) c.c. of a 1 per cent, caustic soda solution containing 10 per cent, of 
alcohol, then >\’a>h six lime.H with ]>ure water, using 10 c.c. each Lime, 
Thoroughly drain off the wafer, ])our the etlier^ .solution (in two portions) 
into a light, wide-neekeci, H-oz. flask, jirevionsly weighed, and distil off the 
greater part of the ether from a hot waLer-liath. Then plac.e the flask 
on the loj) of the water-oven, and b‘t it stand there until the ether and 
water have entirely evaporaU'd. Tlie evaporation of the water may be 
hastened by aurrouiiding the flask witli a beaker from which tin', bottom has 
been removed, and by Irecpiently Tuiniing the liquid round the sides of the 
flask. Then lei the flask cool, and weigh it. Rejdace it in the oven for ten 
or twenty minutes, cool, and re-weigh. Repeat thi.s until practically constant. 
By subtiacting the Ure of the eni])ty flask, the weight of unsaponifiable 
matter in the b grins, of oil taken is obtained. 

If the above directions are carried out, the whole operation, from weighing 
out the oil to the final weighing of the unsaponifiable matter, can be com¬ 
pleted within three 110111 *^. Ordinary ether is preferable to iKttroleum ether 
ter extracting the nnsa])omfial)le matter; it IkuI.s at a hnver and a constant 
tcmiieraturc, evaporates more readily, and leaves yo residue. Petroleum 
ether ean be pnrcha.*jed which is completely volatib; at 60" 0.; but it *viiist 
always be tested, and, if found impure, must Ik; re-fractionated, nqecting 
all that boils above 60" 0. When ordinary etTier is used, it may be com¬ 
pletely evaporated at such a low temperature that light minorpf oil, which 
IS Bometimes used for adulterating rajie and other oils, can be delected and 
determined with'ont appreciable loss. Lewkcwitsch has point 'd out that 
ordinary etbei’ usujiliy extracts larger quantities of hoji]> limn jjetroleum 
el]ie’’;«4jnt for ordinary purposes, the uimtunt of Moa}> extracted when the 
process IS conducted as describcKl aboi<' is iiegligil)1e. In cjLse.'^ where special 
accuracy is required, trac(*,s of s-ap and sJiponihablo matter contained in 

^ beibre renfjving tlie stopper, drop a little ether upon the outside of tho separa¬ 
tor and blow upon it, so as tc c<x)I the class by cvapoiution; this v’ill reduce the 
pressure o{ ilje ether vapour inside, and will prevent drops of liquid from being 
expelled when the stopper is Mmoved. 
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the ptwlnct of the first extraction may he removed hy behing it with 
alcoliolie. sofhi and rc-extmeting with ether; or, the nn'jaT'OTjified matter 
may he incinerated, as recommended by Lewkowitscli, and the «oap present 
calculated from the alkalinity of the residue. Petroleum ether is not such 
a good solvent for some wax alcoln»l« as ordinary ether. Thus, Lewkowitech 
describes an experiment in which a .sam]»lc of shark liver oil gave 10 i>er 
cent, of unsii])onifiahle matter, consisting of wax alcohols from spermaceti, 
when onlinary ether was employed, whereas petroleum etiier only extracted 
from 1*38 Uf 3*73 per <‘.ent. 

{h) Mo<l'ifu‘.nU%n in jtrmvce of wncJi Mineral (HI. —Wlien mtich mineral 
oil is p’vseiit, saponification in a hasin is not a «d.isfaclory metlnKl, because 
the oil d K*s not entirely dissolve, hut visible drops of mineral oil remain 
suspended in the liipiid, and a more vigorous and longer hoiling is necessary 
ill order to ensure coiuplele saponification. In such cases, it is better to 
weigh the oil into a (lask and hoil it with the alcoholic soda solution under 
a reilux condenser for an Inmr or more. Then pour the contents of 
the flask into a basin, IkuI clown gently to 10-15 c.c., and proceed 
exactly as directed above, rinsing the l!?i.sk as well as the basin into 
the S(*parator, first with a little h(»t wald*r and then with ether from 
the wash bottle. 

(c) Modificatiomn preumrr of IVmd Wool fat and Inbricaiits con¬ 

taining It must be heated with alcoholic soda sedution of double nonnal 
strength in a closed hottle under pi*e«jure for ahonl two hours to insure 
complete saponification.’ An ordinai'y 4-oz. reagent hottle. of fairly thick 
glass answers very well for this ]mrp)S 0 , and after the oil or fat and the 
alkaline solution have been intrcKhiced- an indiarubber stopjier^ is inserted 
and tied firmly down with string, leaving a loop at the to}». This loop is 
suspended from a glass rod or stout brass wire fixed lionzuiitally over a can 
of warm water, so that the Ivotlle is immersed up to the ueck in the water, 
whieh IS then raised to the hoiling-jiomt and kejit gently boiling. If the 
bottle will not sink sufficiently, a stri]* of lead may b(‘ Vi-raj>]ied round it 
and fastened by an indiarub\>er band. The bottle is removed from the 
water occasionally and the contents well mixed hy ci^cnlar agitation, 
taking care not to splash any lit|uid on to the rubber stopper. When 
saiionification is complete the bottle is allowed to cool, the stujiper is then 
taken out, the licpiid is poured into a Iwisin and procu^eded wdth 't directed 
above. 

The formation of u Imjer of white iii.<ohibfi’ Jfoclcs betw^ecn the acpveons and 
ethereal liquids is characteristic of w(»ol fat., and often mdicales its presence. 
Li'wkowitsch has shown that these flocks consist ('f an iiisolnole soap 
formed from fatty acois of high molecular weight; they do not belong, 
the’''3fore, to the unsaiMUiifiable matter, and should be sejiarated from the 
washed ethereal liquid by filtration through a small dry filter paper. The 
same device is often useful for removing drops of water which might other¬ 
wise find tiicir way inUi tlm distilling lliisk 

(d) Modification in 'j)rmnce (if Ileetwifx. —Owing to the sparing solubility 
of inyricyl alcohol in most cold solvciita, the above mel^rod cannot be applied 
to the amilysis of beeswax, carnauba wax, and substances containing large 
quantities of myricyl alcohol.’ ' When beeswax and carnauba wax are boiled 

' LewkowitNCh, Jour. Soc.-Che-m. InJ.^ xi. (1892), p. 13/ ; iierbig, ihid., xiii. 
(1894), p. 1068. ^ 

• For 6 gnns. of fat use 4 c.c. of 50 i)er cent, caustic soda solution diluted to 
?5 c.o. with absolute alcohol. 

3 This must be jmre rubber, free from substitutes. 

* Allen, Comml. Ory. dnul., vol. ii. pt. i. p. 49. 
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with alcfiholic soda anlution iinfler a rc.flux r.oiiHenscr, saponification readily 
Uikes place, ami a clear ur almost clear solution is f)htaiiietl in a short time, 
but, immediately the liquid begins to cool, not only tlie wax-alcohol but the 
soap (sodium cerohite) solidities on the sides of the llask» and before the 
contents have become nearly cohl they fman an almost solid mass. The best 
wav to imx'eod in such cases (wbi(di arc unlikely to occur in c«>nnection with 
the analysis of 1 ubrioants) is to extract the dry s()a)» with chloroform as recom¬ 
mended by Horn and (Irittner.* Five grins, of the sample are boiled, 
until thoroughly saponified, with 4 c.c. of 50 per c^nt. caustic soda solution 
and 100 c c of alcohol in a flask counecUid to a reflux 6bndenser. The 
hoiling-hot solution is poured into a basin, the fla.sk well ringed out 
with small (piantities of boiling-hot alcohol, an<l the liquid evaporated to 
a siiiall btdk over a sleam-batli, with stirring. Some coarsely powdered 
pumice sUuie- i.s then added, and the contents (»f the l>a.sin an* evaporated 
to dryness with continual stii ring, .so a.s to reduce the re-^iilue to small grains, 
and well dried in the.'itcamoven. Any so;i])adheringt.<» the basin is sciaped 
off with a sjiatnla, and the entire reshlue is transferred to a Soxhlet appar¬ 
atus and extracte<l ^\i^h (dilovoform, which i.s 6uhse<incnlly evaporated and 
the residue weighed. The basin is rinsed into tlie ajjparatus with hot 
chloroform before the extracthm is commenced. Two hour.s’ extraction, if 
the apparatus is working well, \vill dissolve all the alc-ohoh from 5 grins, 
of sapoiiilie.d beeswax ; <»idy trac.es are extincted in the second hour. 

Sufficient pumice must be add».d to enables granular non ]»aBty residue to 
be obtained. Sand, which is sometime recommendefl, is less suiUible than 
coarse pumice, and must, imconling to Grittner. he ]>urified from calcium 
carljonate by washing with hydrochloric acid, inroi’der to prevent the forma¬ 
tion of lime soaps whichiire soluble in chloroform, (fiihaviform is used in 
preference to peti.deum ether, as it does not dissolve the s^xla soaj). It is, 
however, desirable to make sure that the unsajionifiable matti'r is free from 
soap by determining the. asli of a }>oition, ii& Wicomincndwl by Lewkowitscli. 
It is also desirable before evajKirating the soa]) solution to add BUtficierit 
sodium bicarbonate to conveitthe excess of caustic soda into carbonate (*2*1 
grm.s. NaH(’0.{ for 1 g^’iu. NaOII). If jietroleum ether be used, this 
is essential. 

TI. Detenuination of Small Quantities of Saponifiable Matter 
in Mineral Oils. 

In the analysis of mineral oils containing small quantitie.* of fat or resin, 
it is ])referahle to determine the fatty or resin ac.ids as dtscril^ed in section 
Q (p. 235), and the hydrocarbon oil by difference. The [lercentagt! of 
fatty acids obtained, divided by 0*95, will give, •pj>roxinmtely, the percent¬ 
age of fatty oil. 


F.--C0MP0SITI0N AND IDENTIFICATION OF 
UNSAPONIFIABLE MATTEES. 

The unsaponitiable matter obtained in the inialyBiB of lubricants 
may be expected to contain — 

^ J(ntr. Soe. Chem.' Ind.^ vii. (1888), p. 696, and ix. (1890), ji. 772. 

^ The fiagniont.s of pumice |huul(l ^lass tlirougli a sieve having 11 meshes to 
the linear iuqh, and should contain no powder which will pass a 24-mesb sieve. 
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Hydrocarbons; including 

Mineral oil from petroloum or shale, 

Bosin oil, 

(Keutral tar oil from coal tar), 

Hydrocarbons from distilled wool grease, 

Paraffin wax or cerasin, 

Vaseline, 

Wax Alcohol^ from sj)orm oil, wool fat, etc.. 

Cholesterol, from wool fat, liver oils, and all othei 
an.mal oils and fats, 

Isocholesterol from wool fat, 

Phytosterol, from vegetable oils and fats, 

Gulourinij matter {tracfn), 

Unsa/ioiiijieil oil. or fat, 

Boap. 

1 . Hydrocarbons, whether lajnid or solid, may be identified by 
their .sparing .solubility in alcohol. If a small drop of the unsa]>oni- 
(iable matter on the end of a thin glass or platinum rod, or in a 
])latinum wire loo]), be immersed in a little cold rectified alcohol in 
a testtube which is held up between the eye and a window, pure 
hydrocarbon oil will show no sign of solution, and the drop will 
probably appeal- fluorescent at the edges; hut, if wax alcohols from 
sperm oil be present they will tpiiekly dissolve and cause visible 
stream lines in the liejuid. If the tiusajKinifiablo matter be solid the 
solvent alcohol may be gently warmed, sutfieiently to melt it. 

(a) Fluurercenre is a very eharactcr'stie property of hydrocarbon 
oils, though all do not show it. Distinct fluorescence of the iin- 
saponifiable matter or of its ethereal solution ])roves the presence of 
hydrocarbons ; but a iion-fliioreseent appeamnee docs not prove their 
absence. If thcflunreBcenee.be not reiulily observed. All. n recom¬ 
mends laying a glass rod, previously dipped in the oil, on a table in 
front of a window, so that the oily end of the rod projects over the 
edge of the table aw,ay from the window and can be seen against the 
dark background of the floor. Another plan is to make a broad 
streak of the oil on a piece of hlack marble, or on a sheet of glass 
lying on black paper or cloth. The fluorescence of hydrocarbon oil 
is, as a rule, greatly iiiteusified by solution in other, which frequently 
leads to •its detection while the unsaponifiable matter is being 
extracted. Mineral oils which have been ‘debloomod’ by ehemical 
treatment (sec p. 98) regain their Huoro.scencc bj treatment with an 
equal measure of strong sulplniric acid (Allim). * 

(i) Hydrocarbon oils are unacted upon when Hubmitted to the 
acetylation ted (p. 249). If tlieanisaponifiable imatter after treatment 
w'ith acetic anhydride has no saponilication value, hydrocarbons alone 
are present. 

(c) If the unsaponifiable matter consists entirely of hydrocarbons, 
the specific gravity sliauld be determined by the alookol method 


I Liquid at 
- tlie ordinary 
j temperature. 

\ 

.Solid or 
' semi-solid 
at the 
ordinary 
temperature. 

/ 
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(p. 173). .Mineral lubricating oils (including also vaseline and 
parattin wax) usually range in specific gravity from about O'SGO to 
about 0'947 at GO” F., though the sp. gr. may go as high as 0’99; 
rosin oil is heavier, usually ranging Irom about 0'9G to I'Ol ; tar oils 
always exceed 1 •() in si)Ocitic gravity and will therefore sink in water. 
For the examination of inixtui-es sec section 8 (p. 29.9). 

(d) Vaseline at the ordinary temjHjrature is semi-solid, soft, and 
amorphous; paraffin wax is more or less hard and crystalline. Allen 
has shown that altliougli in the solid state these substaiKsis arc 
nearly of the same specitic gravity, their densities in the licjuid state 
it the temperature of boiling water are widely dift'erent: his results 
ire summarised in the following table;— 


Sjieoific Gravity. 


(>eHcri]rtioii. 

Holitl, at—- V. 
j 15-5’ 

1 

Altjltyd, ut — C. 
Ifi-S 

Vaseline (JJ .samples), 

. 1 (CHfiGO-tAJ!) 

' U-804-0 8,'>r) 

Paralfin wax (7 panqilc.s). 

. i 0-8(j7~0-i)l 1 

1 U-748-()'7.’j7 




Allen’s result:; at 99” were obtained with the Westphal balance, 
ind as no correction w.as made for the ex|)!iiLsion of the plummet, 
they are about 0'002 too high (AU-er Wriijhl). 

((') Mineral oils absorb \’ariable amounts of iodine, according to the 
proportion of uusaturated hydrocarbons contained in them. Paraffin 
wax and cerasin absorb loss than 5 per cent, of iodine, vaselint 
absorbs rather more, and the fluid oils aDsorb up to 23 per cent, 
(see Table LX VI11., p. 2.9G). Itosin oils absorb from 43 to 48 pei 
cent. (Valenta). 

II. The Wax Alcohols wdiieh most frequently occur in lubricantt 
are those derived from spenrm or lioUleni>se oil. Their nature is a1 
present nuknown. Wiion ol)tained from pure /j)erm or bottlenosc 
oil, they are crystalline and almost colourless, having only a very pah 
greenish yellow tint. Their consistence at thp ordinary temperatun 
is that of solid, soft fat, and they melt at 23’5’ to 27\')“‘(1. The} 
dissolve easily in warm rectified alcohol, and the solutioh remaim 
clear on cooling; if, therefore, the ‘uusaponifiablc mattC"’ from f 
grms. of oil is oouTplctcly soluble in about 2 e.e. of cold rectifiec 
alcohol’of sp. gr. 0 834, and remains diear on adding 50 c.c. more 
rectified alcohol,' it cannot contain'an appreciable quantity of hydro 
carbons, and jjrobably consists entirely of the mixed alcohols frou 

’ Nash [Anulyst, 1S04, ji. 3) has shown that a solution ofsponn oil alcohols ii 
absolute alcohol, and even in rectified alcohol, unless nmen diluted,- dissolve; 
mineral oil freely. Abadlute'silcoh'ol must, therefore, pot he used for detectiuj 
mineral oil ii^perm oil. ' 
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Kpcriii or bottlenose oil. Th«se alcohols may he fnrth<’r identified by 
their iodine value, (10-70 per cent. ; by their specific p'avity at 

C., abo\it 0'827 ; and by the acetylation test described on p. 243. 
When mixed with twice their volume of acetic anhydride, they 
dissolve! easily when f'cnt.ly warmisl, and the .solution remains clear 
on cooling ; the mixed acetiitos have a sajMinification value of IG'l to 
19’0 ])or eent.»according to Lewkowitsch. 

III. The Mixed Alcohols from Wool Fat are pale yellow, have 
the charaetcivistic odour of wool fat and the consistence of wax. 
Melting-point, 44°-4H' (1. Iodine value, alsnit 35-40 j)cr cent. 

.Specific gravity at (1, about 0'957. They dissolve readily in 

warm rectifie<l alcohol; but on cooling even a dilute solution, partial 
precipitiition occurs. By fractional crystallization from a hot, strong 
solution in iileohol or ether-alcohol, ciy.«l;ds of cholesterol are obtained, 
which may be identified by their melting-point crystalline form, and 
colour reactions (sec p. 292). The mixed acetates foj'med ly boiling 
the alcohols witli acetic anhydride rerpiire from l.o'l to IG'l percent, 
of potash for saponification. These properties easily distinguish the 
wool fat alcohols (when ])urc) from those of s))crin and bottlcnose oils. 

IV. Beeswax and Carnauba Wax are unlikely to occur in the 
aiiiilysis of lubricants. The presence of cither wax could scarcely fail 
to be indicated by the insoluble character and comparatively high 
melting-point of the niyn'icyl alcohol formed by saponification. This 
alcohol, inixud in the case of beeswax with some hydrocarbons, is the 
chief constituent of the ‘ unsixpouifiaMe matter ’ of both waxes ; it is 
white or jiale yellow in colour, very hanl and brittle, soluble with 
difficulty ill even lioiling alcohol, and almost entirely crystallizes out 
oil cooling. Melting-point of the proflncts from beeswax, 7fi° (owing 
to tlic hydrocarbons present), and from carnauba wax, Sr/. .Saponi¬ 
fication value of the mixed aeolates from beeswax, 10 per cent., and 
from carnauba wax, 12 per cent. 

V. Cholesterol and isocholesterol form a large proportion of 

the unsapoiiifiable matter of wool fat. Cholesterol also occurs in 
sip.aller quantity in liver oils (shark liver oil, cod-liver oil, clc.), and is 
charactoristio of animal mis geiionxUy. On the other hand, a very 
similar suhstaiico, phytosterol, the ‘cholesterol of jilants,’ is found 
in the ufisapoiiifiahlc matter of rape and other vegetable seed oils, and 
olive oil. All three substances are monatomic alcohols of the 
aromatic series, generally regarded as isomoFie, and having the 
formula Tluy a.'- colourless and tasteless crystalline bodies, 

of high nioltiiig-puiut, insoluble in water, sparingly soluble in cold 
alcohol, but oaiily soluble iu hot alcohol, other, and chloroform. 
They may bo distiiiguislied, when in a pure .state, by* their melting- 
points and crystalline forms, which are given in the following 
table;— 
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Table LIX. 



j CIioIeBteroI. 

iBocholestei'ol. 

Pliytosterol. 

Melting-point, \ 
^0. j 

1 

i M8 -4-1 50-8 
j {Jiomcr.)* 

i 1 

137-138 

i;j8-14.J-8 

{Bonier,) * 

( 'ryHtallinc furm, 

I 

i 

Thin rhombic 
; pbitofl of 
- 1 - HoO from fiol 
alcuiiol and ether. 

Anliydrous needles 
from chlorofonn. 

Flocks from dil- 
utealcoliol ; a jelly 
from concentmted 
alcoholic solution; 
needles from ether. 

Tufts of i.eedles 

from hot alcohol; 
anhydrous needles 
from ether and 
chlifroform. 


* Point of complete fusion (correctral). 


Aecoidiii}' to Homer, cholesterol and pliytostei-ol when present 
together cannot ho separated hy crystallization. The melting-point 
of the mixture in generijl approximates to that calculated from the 
[nclting-])oints of its components. The mixture cry.stallizes in one 
'orm only, the crystals either approximating in form to jjhyto.sterol 
:ry.stals or, if cholesteiol be pre.sent in the gro.ater proportion, dilfer- 
.ng in form from the crystals of either body. 

To obtain the crystals, the nnsajKmifiablc matter from .hO grms. of 
)il should be boiled with a .small ijuantity of alcohol and the solution 
iltered hot. The crystals deposited on eooling must then he purified 
oy repeated re-crystallization, and examined under the microKcoj)e. 
They should be compared with the crystals tibtained in the same 
x’ay from pure samples of, ssvy, rape oil (j>hytosl/>rol), cod-liver oil 
rJiolesterol), and wool fat (cholesterol and isocholesterol). (Compare 
^alkowski. Jour. Clicm. Soc.., 18P8, Abs. 201.) 

For the detection of vegetable oils in animal oils, Bbmer' 
ietermines the melting-point of the cholesterol (phytosterol) acetiite. 
The points of complete fusion of the pure estei-s aj-e as follow':— 

Cholesterol acetate,. . . 1 14'.T - 114'8" 0. (corr.) * 

Phytosterol „ . . . - l.B?'C. (eorr.i 

The Trocess. —The uiisaponifiable matter is isolated from 100 
'rms. of the oil or fat by saiKmification and shaking out the soap 
olution with ether,‘and is purified by resaponification and again 
itiuctiilg with ether. The extrsicted mftttor is then dissolved in a 
ninimum rpiantity of absolute! alcolu'il, allowed to crystalli’/,c, and the 
ry.st!ils are examined mioroHooi)ically» l(( determine whether they 
onsist of j)h/tosterol, cholesterol, or a mixture; they are then 
eturned to the alcohol and the latter is evaporated off. 2-3 o.c. of 

VntirmSi. Nahr. Oenussm., 190^, rv. 1070. 
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acetic anliydride are next ixjured over the dry residue, tlic dish is 
covered, tlie liquid is heated over a small flame until it boils, and the 
excess of acetic anhydride is evaporated off ever a water-bath. The 
acetic esters thus obtained are dissolved in hot absolute alcohol (10 
to 20 C.C. for OT to O-.*! grm. of esters), a few e.c. more alcohol being 
added to prevent immediate erysUillization, and the clear solution is 
left to slowly cvajioratc at the ordinary temperature. When above 
half of it has (jyai)orated, the erysUds are collected on fi very small 
filter and rcorystallized from 5 to 10 c.e. of absolute alcohal, the 
process of reerystallizatiou being continued so long as the material 
lasts. The melting-point of the crystals is determined after the 
third and each subsequent crystallization, and if the temperature of 


Table LX. —Percentage of Unsai’onikiablk Matter obtained 
FROM some Fixed Oils, Fat.s, and Waxes.’ 


Name of Oil, etc. | DliaaiioniOable Matter per cent. 


Olive oil, . 
Arachis oil, 
Ca.stor <iil, 

Palm oil, . 

Ra])e oil, . 
liavison oil, 
Ooltonsoed oil, . 
desamu oil, 

Maize oil, . 
Linseed oil, 
Hempaeed oil, . 
Poppyseed oil, . 
Tallow, 

Lard, 

Porpoise oil, 

Seal oil, . 
i Sardine oil, 

; Whale oil, 

I Cofi-liver oil, . 

j Shark liver oil,. 

, Menhaden oil, . 
Siierin oil, 

Arctic sperm oil, 
j Wool fat, . 

I P'perinaceti, 

I Beeswax, . 
Carnauba wax,. 


O-Vft-l-M) 

0’54-0-91 

0’30-0’37 

]'2f> 

0’r)8-l-30 
1’45-1-66 
0-73-1 ■a’) 
0’i)5-l-32 
1-35 I'TI 
O-fiO 1-28 
1-00 
116 
0-50 

0’23-0-30 

O’GT 

0-24-l’4 

0’56-l’44 


Under 
2 )ier cent. 


0-65-3-7 
0’4(>-2’68 

i Very variable; from 
0-7% to 21-8% have 
been recorded.'* 
0-60- 2-2 ^ 

I , 3G’3-41-5 

3@’7-.'>5-l 
51-5 

'52’3-55-3 

52-4-5r) 


2 per cent, 
and 
ov*r. 


I 


Seoalso note at foot of page 222, 
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couijjlote fusion be 117° C. (corr.) or higher, Biimer regards the 
presence of vegotalile oil as certain. He states that from 1 to 2 per 
cent, of vegetable oils containing considerable quantities of phytosterol, 
such as cottonseed, arachis, sesiunc, rape, hemp, pop]>y and linseed 
oils, can be detected in animal oils by means of this U^st; and of other 
vegetable oils, such as olive, palm, and palm kernel, from 3 to 5 per 
cent, can bo detected. 

Kor the separation of cholesterol and phytosterol fivm mixtures of 
mineral oils and lixed oils, Mareiisson .saponifie.?, and shakes the 
alcoholic solution tir.sl with petroleum spirit to extract the mineral 
oil. He then drives oft' the alcohol and shakes with ethyl ether 
to extract the cholesterol and phytosterol. 

I’he test is based upon libmer’s observation that the higher 
aliphatic alcohols are not completely extracted from an alcoholic soap 
solution by petroleum other. 

Gill and Tufts {Jour. Amcr. Chem. ^<oc., xxv. 5.')!) state that maize 
oil contains another alcohol, sitosterol, by which it can sometime.s be 
identified as an adulterant in cottonseed oil. 

Cholesterol gives several characteristic colour reactions (sec p. 292) 
which distinguish it from isocholestcrol, but not from ])hytostcrol, 
which gives the same reactions. 

TaIU.K LXl.- -I’HOl’ER'rlES OF THE MiXKI) AlCOHOLS, ETC. (‘UnSAI’ONI- 
KiAiii.E Matter.') obtaineo phom AVaxes. 


: 1 

Properties of Mixed Alcohols, etc. 


1 

Name of Wax, etc. 

.Melting- 
point, “C. 

specific 
Gravity at 
lotr ^ 

HKl* 

ItNline 

Value. 

Increase of 
Weight on 
Acetyinting, 
per cent. 

Haponiflca- 
tion Value 
of the Mixed 
Acetates, 
per cent. 

Sperm oil, . y ; 

Arctic sperm oil, / | 

23°6-ii7*5“ 

0-827 

69-6-68-3 

ir.-7 

16-1-I9-0 

Woo! fat, . 

44'‘-48“ 

0*957 

86-40 

l‘2-2-12-7 

16-0-16-1 

Beeswax, . 

75"-7e* 

0-8-239 

• 

(i-D- 7-7 

9-8-10-3 

Camaiiba wax, . j 

85“ 

0 4826 


lU-2 

12 3 * 

(Jliolestovols (theory), 



68'S 

nil 

is-ef) 

„ (experiraentul resiilta by Uwkowitacli), 

f 

67*7 


la-B 


ilTote.^Sonie of the I'eauU* iti this table were with single sanijiles uf the waxes In 

(inestioii, and therefore require conflrniatioi). 


VI. Unsajponitied oil or fat will, not occur in more than traces 
if saponification has been properly carried out, and Soap should 
not occur at all. If there be any reason to suspect the presence of 
either, the ether residu^mu* be. purified by boiling it with alcoholic 
soda (Hay*2 t.e. of 50 per cent. NaOH solirtioii and 25 c.c. alcohol) 
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under a reflux emidciiser for liiilf an hour and ro-cxtracting with 
ether after evaporating off' the alcohol and diluting with water. If 
wool fat he suspected, the resaponifieation iijust he conducted under 
pressure with alcoholic soda of doiihle normal strength. 


Ci.-DETERMINATION AND IDENTIFICATION OF THE 
. SAPONIFIABLE OIL IN MIXED OILS. 

In the aiiidysis of luhrieating oils consisting of a mixture of 
mineral oil and fixed oil, it is usually sutheient to determine the 
saponifiable oil by ditl'ercnce. But it is often necessary to liberate 
the fatty acids from the soap solution, in order to identify the fixed 
oil, and this may easily he done (piantitiitivcly, giving a numher from 
which the percentage of fixed oil can he calculated. The details of 
manipulation are a continuation of the process for determining the 
tetal unsaponifialde matter. (K, ]>. 221.) 

The soa]) solution, which lias been freed fniiii mineral oil and other 
unsapoiiifiable matter liy shaking tliivc.successive liiuo.s with ether, is mixed 
witli the first two aqueous washings of the mixed ethereal liquids and 
treated with a siiflicient exeaxs-s of dilute siilplnirie acid to decompose the 
soap and liberate the fatly acids. The acid liquid i.s mixed with 50-i0 c.c. 
of etlier, well sliakeii in tiie separator, and, after allowing sufficient time for 
tile ether t,o rise, the aqueous jiorlioii is drawn off into aiiotlier separator, 
wliere. it is again sliakmi with ether. The etiiereal liquids aro mixed 
together in one separator, tlioroughly wasficd liy shaking six tiiiie.s witli 
10 e.c. of pure water each time, tlieii jsnired into a tared flask, and llie 
hulk of tlie etlier distilled olf. The flask is then placed on the top of the 
water-oven and heated, iintiil all water and ether have evajiorated and the 
xveight remains jiracticaily c.oiistaiit. 

In llio aliseiiee from the original sainjile of the following— 

Sperm anil hidtleiwre oils, 

Porjioisi; and dnlphin jaw oils, 

Shark liver oil, 

Palm uut and roamut oils. 

Wool fat. 

Blown oils, 

Soa/i, 

Resin, 

Free fatti^ arids, 

ilie pereeiitage of fatty acids obtained, - 0-9.')7, will give, approxi¬ 
mately, tlio percentage of fatty*oil in the sample. Fat^ auids exist¬ 
ing ill the original sample, either in tlie free state- or as soap, must 
previously he separated as described in the analysis of greases (p. 328). 
Kosiii adds, if present, must he determined by TwitchelTs process 
(p. 238) and the amoiiift deducted. 
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If the saponifiable oil consist entirely of blown rape or cottonseed 
oil the divisor hecnnios approximately 0 85 instead of 0'057, but 
special washing with liot water is required to remove the soluble 
fatty acids (see ]). 2157). In the presence of sperm oil and wool fat 
the problem becomes more complicated. The unsaponifiable matter 
in that case contains wax alcohols, and must be analysed by the 
acetylation process (j). 245). 

As there is no known means of sejearating, without rfiooomposition, 
a fixeei oil or fat from a lieavy mineral oil, the identification of the 
fixed oil in such mixtures depends upon the identification of the 
mLxed fatty acids, h’or this purpose, the following determinations are 
available ;— 

1. The meliimj-puint (table on p. 205). 

lonr 

2. The s}}. gr. at G. (table on p. 185). 

3. The iodine mine (table on p. 255). 

•4. The saponification or ne>draXization value. 

The fatly acids used for the determination of the iodine value must not 
have become oxidized, otherwise a low result will he obtained. After 
distilling off the ether the fl.-isk bIiouH, therefore, he closed by means of a 
cork (xirrying two tnhe.s, in order that a enrrent^f dry carbon dioxide gas 
may be jiassed Ihroiigh the flask while healing on the steam-bath. 

The saponification or neutralization value i.a best determined in the same 
manner as the sapomfiKalioii value of an oil or fat (p. 221), viz.—by heat¬ 
ing 2'r) gnus, with approximately seminormal alcoholic potash in excxjss, 
and titrating back with Jiccurate seniinonnal hydrochloric acid. Theo¬ 
retically, it .should be sufficient to dissolve the fatty acids in alcohol and 
neutralize with standard potash solution in the cold, but if any uudecomposed 
ester.s, or ketones, are present, a low result is obtained uidess the pota.sh be 
in excess and the liquid luiated. 

Ill the absence of soluble fatty acids, the neutralization value of the 
mixed fatty acids multiplied by the llehner value of the oil will give 
the saponification value of the oil, i.e. the neutralization value x 0'957 
will give, approximately, the saponification value of the oil or fat 
from which the fatty acids have been derived. • 


H.— INSOLUBLE FATTY ACIDS (HBHNEE VALUE). 

The process for (fetermining the total fatty adds described in the 
preoedfhg section (p. 235) is based upofi the assumption that they 
are entirely, or almost entirely, insoluble in water and iion-volatile, 
and such is, as a rule, the case. A f»w oils and fats, however, contain 
a considerable proportion of soluble and volatile fatty acids, notably 
cow’s butter, dolphin jaw oil, and porpoise jaw oil. In such oases, the 
insoluble acids must be deternlined by a special process. Hflhner was 
the first tc^show that the percentage of insoluble fatty acids contained 
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in genuine butter fat is fairly constant, and that y)y its determination 
tlie adulteration of iiuttcr witli foreign fats can be detected; the 
percentage of insoluble fatty acids contained in an oil or fat is 
therefore known as the ‘ Heh.ner valur.’ 

It has been shown* that the changes caused by ‘blowing’ oils 
include a partial conversion of the insoluble acids into soluble and 
volatile acids; the presence, therefore, of ‘ blown ’ oil in castt)r oil 
would be indicated by a red\tction of the percentage of insoluble 
fatty acids, oC which genuine castor oil contains tipwards of 96 
per cent. 

To determine the Hehner value of a fixed oil or fat, the fatty acids must 
be washed with boiling wiitcr until the washings are no longer acid. 
The following is a convenient method of oj)eratingn Sajxnufy 5 grins, of 
the oil witli aicoholu: .soda, as directed in K, I. (p. 2d.')), and after saponifica¬ 
tion is complete, eYajiorate to dryne.s.s over a stoam-halh, and heat to 
remove, alcoliol. l)i.ssoIve the soaj) in hot water, and rinse the solution into 
a heaker-fhisk, the total volume ladng about SfiO c.c. Lilierate the fatty 
aeiils witli dilute siil])hiiric acid, allow to stand on the Bl.eani-hath until the 
fatty acids have melted to a clear layer upon the surface c f the litjiiid, then 
pour the wliole earcfully into a .si'jiarating funnel previou.sly rinsed with 
hot \v,iter. iSiqiport the .sejiarator over a wet lilter ]iaper contained in a 
jacketed hot-walei'funnel, and allow the clear liipiid to run into the filter 
at a sufiicient ,s]iecd to kec]) it lusirly full. The liilmte .shoulii lie hriglit. 
T)o not allow tile oil)’ layer to ]iass on to the filter, hut return it. to the 
original heaker-llask, and having added about l.'iO dOU c.c. of boiling 
water, thorougldy cliuni tile fatty acids and water togetlier liy cire.idar 
agitation. Allow to .stand again until the acids have risen, rarefidly 
decant into tlie sejiarator, and run the aipicous jiortion tliroiigli the wet 
filter as hetore. l{e|)eat tins washing five tunes more, Imt collect the last 
washing in a sejiarate ves.scl, add a few drops of phcnoli>lithaloin eohition, 
and find how much deciiioriiial soda is reijuired to produce a jiink colour. 
Make a similar exjieriment witli the same quantity of tlie liot distilled 
water used in wa.slung the fatty acids. If practically the same iiuniher of 
drojjs are, required in hotli exjierinients (disregard a difference of one or two 
drojis) tlie washing is coniiilete. When this is the case, allow the insoluble 
fatty acid layer to jiass on to the filter paper, and let the water drain away ; 
well drain, also tlirongh the filler, the sejiarator and tlie heaker-flask. So 
long as the jiajier reiiiains thoroughly wet the fatty acids will not run 
through the jiaper. Tii-aiisfer Itie wet filter iiajier containing the fatty acids 
to aadry funnel snpjiortcd over a small weighed beaker, and place it in tlie 
water-oven until the filter lias dried and the greater jiiirt of the fatty 
acids have drained tlirougli into the beaker. Then place tlie fniinel contain¬ 
ing the oily filter jiajier over a w'eiglied flask, ancf when cold, thoroughly 
wash tlie jiaper with ether, allowing the latter to run into the flask, also rinse 
the separating funnel and the heaker-flask** with ethw, passing the liquid 
through the same filter paper. Tlien distil off the ether, and heat (^oth the 
flask and the small beaker until constant in weight. Deduct the weights of 
f’etwo vessels, and the difference is the weight of tlie insoluble fatty acids. 

In the presence of hydrocarhom sir loaxes, the soap solution obtained by 
saponification must first be extracted with ether, as described m E, 1. (p. 226), 

* See p. 122, 

’ These may bo previously dried by placing them on tlie water-oven, or they 
can bo rinsed with ether Wljle wet. 
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then ponred into a basin, gently heated over a stenm-hath, with a cover on 
the basin, to expel the dissolved ether, tlioronghly boiled to evaporate the 
alcohol, and then acidified and treated as described above. 

Qualitative Preparation of Insoluble Fatty and Rosin Acids.—If it be re¬ 
quired merely to jirepare the insoluble fatty and rosin acids, without niahing 
a quantil.ative detonuiuation, the following method may he employed 
Sa}ionify in a basin, by thorough boiling with alcoholic soda, a roughly 
weighed quantity of the oil, sufficient to give rather more than the required 
quantity of fatty acids, losing for every f) gnus, of oil 2 grins, of caustic soda 
(4 o.c. of a 00 per cent, solution). Dissolve the soap in lu-*iing water, and 
boil until alcohol is expelled. Add sufficient dilute sulphuric '’cid to 
Ulierato the fatty acids, gently boil until they form a clear layer on the 
surface of the liquid, tlieii, by means of a large pipette with a flexible 
muutlipiei'e, draw otf the watery fluid. Boil tlie fatty acids in the basin 
several time.s with water, drawing oil the water with the ]ii]ielte each time, 
then pour them on t,o a wet filter coiilaiiied, if necessary (f.e. if the fatty 
acids have a high melLing-point), in a hol.-watci' fuliiicl, and wash with boil¬ 
ing water until the wasliiiig.s are ])raetically neutral to litmus or phenol- 
phthaleiii. Bierce the filter, collect the acids in a diy beaker, and lieat in 
the water-oven until quite clear and free from visible water. 

Table 1^X11. coiitaiii.s the Hehncr values of iiio.st oils and fats 
which are likidy to occur in lubriciint.s. 


I.—DETERMINATION OF ROSIN (COLOPHONY). 

The fatty acids obtained by either of the processes described in 
sections (i and H include the rosin acids, if rosin be present. If a 
determination of the rosin be desired, Twitcliell’s proctsss' is the best 
to adopt. It depends upon tlie fact tliat wlien a solution of fatty acids 
in absolute alcohol is saturated witli hydrochloric acid gas tlie otliyl 
esters of fatty acids are formed. Rosin acids similarly treated in the 
cold are practically unacted upon, and can he separated from the 
esters by treatment with weak cau.stic soda solution iu the cold, 
which dissolves the rosin ticids, the esters remaining iiisoluhlc. The 
details of the process are as follow ;— 

From 2 to 3 gnus, of the melted mixture of faU.y and rosin acids are 
poured into a dry tared conical flask of about 8 ozs. capacity, and, when 
xild, the weight is accurately ascertained. The acids are dissolved in 
iljsolute ethyl alcohol,'^ using 10 c.c. for every gramme of acids, and dry 
hydrochloric acid gas, in a moderate stream, is passed through the solution 
until saturated, the flask being kept quite cold by immersion in a tesin of 
!old water.^ The Uytlrochloric acid gas may he prepared in a dry state by 
icting upon lumps of fused salt with conceq).ratM sulphuric acid, and may 
hen be passed direct into the liquid. The gas is rapidly absorbM, and the 

‘ Jour. Hoc. Chem. Ind., x. (1891), p. 801. 

Methyl alcaiiol is said to give lower results than otliyl alcohol. 

’ Evans and Black recommend the use of a tall cylinder surroundod by iced 
rater.' Tern[icrature must not rise above 20° U., nor must the stream of hydro- 
ihloric acid be too rapid otheweise low results are obtained. Jour. Soc. Chem, 
Ini., xiv. ( 149 s), p. 689 ; also Awlyst, Xz. (1695), 00. 
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Table LXIT.— IIehner Values. 


Name of Oil or Kat. 


Helnicr Value. 
I'erc-entage of Insoluble 
Fatty Aci<U. 


Most vegotabl« and terrestrial animal oils 
and fatfi, except wool fat, 

i’alin nut oil,^. 

Coconut oil, ...... 

Marine animal oils, except sperm and sliark 
liver, but including porpoise body and 
dolphin body oil.*, 
ror])oi.se jaw oil,. 

Dolphin jaw oil, . 

Blown ra])C oil, . 

„ cottonseed oil, 

„ linseed oil, 

„ seal oil, . 


1'\>X 


05-97 

Average about 95*7 
DM 

fi.’)-8-90-5 

92*8-y5-5 

Average about 94*1 

68 M and 72-1 
GG-3 

84- 7 1 

85- 5 \ * 

8G-7 ) 

73-4 


iiiid BjiyiM's; mean result's. 


esUn'.« s(‘]>arate in oily drop.s. When the alcoholic lit^uid is saturated 
(from 30-45 iniinites are required), the flask is allowed to stand about half 
an liourlonger toensure c.ompIete csterilicaliou. It must not stand too long, 
otherwise low results are obtained. The hqnid is then diluted with about 
five times its volume of boiling water, and lifted on the steam-ljath until 
some of the alcohol has evaiK)rated and the esters, with the rosin acids in 
solution, form a clear layer upon the surface. The contents of the flask are 
poured into a separating funnel, and the fljwk as well as the gas delivery 
tube are rinsed with ether, which is jxmred into the separator. About 50 
c.c. more ether are added, the conlxiiits of the separator are cooled, well 
shaken, and allowed to stand for the ether U> rise. The acid liquid isdrawn 
off into another se])arator and .shaken again with a little ether, which is 
added to the first, and the ethereal solution is then washed once wuth about 
10 c.c. of cold water, which is drawn off. It is then shaken in the funnel 
with 50 C.C. of dilute caustic soda solution containing 1*0 grm. of catistic 
soda and 10 c.c. of alcohol in 100 c..c,, by which the rosin acids are iin- 
mediattdy saponified apd diseolveth After drawing off the alkaline liquid 
intc^tt seconcf separator, the ethereal solution is agjiin shaken with about 20 
c.c. more of the weak soda solution, which is added to the first, and the whole 
is then decomposed with dilute sulphuric acid and shaken with ether to 
dissolve tl,\e liberated rosin acids. The ethereal solution, after washing 
several times with small quantities of c-old water, is run tlirough a dry filter 
paper iHto a weighed flask, the ether is evaporated, (^pd the residual rosin 
acids are heated m the water-oven until constant in weight. They should 
be ^lite hard and brittle. The weight obtained, multiplied fOO and 
divided by the weight of mixed acids taken, gives the percentage of rosin 
acids. ^ 

Lewkowitsch,^ who has extensively investigated this process, finds 
that the amount of rosin acids generally falls short of the truth. 

^ Jmir.^S^c. Chem. xii. (1898), p. 603. ^ 
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Kvaiis and Black conclude that the loss is mainly due to unsaponifiahle 
matter coutaiiiod in rosin, which is not dissolved by the caustic soda 
solution. Six samples of rosin were found by them to contain from 
5'0 per cent, to 9'71 per cent, of gummy matter unsapoiiifiable by 
alcoholic potash, 


J.-VOLATILE FATTY ACIDS (EEICHEBT AND EEICHEET- 
MEISSL VALUES). ^ 

The Beichert Process. —As hjia already been stated, a few oils and 
fats yield a considerable proportion of fatty acids soluble in water, 
and volatile when the licpiid is distilled. By distillation in a current 
of .steam, complete separation of the volatile and non-volatile acids 
can be” eftlicted,' but the process is very tedious. In Beichert’s 
process only a portion of the volatile acids are distilled over, but by 
working under strictly defined conditions uniform results are 
obtained 

In the ])rocess a.s origiii.ally described,-' 2',') giins. of the fat. were 
saponified with an alcoholi<' solution of caustic soda, the alcohol was 
completely cvaporate<l off, the .soap dissolved m 00 c.c, of water, decompo.sed 
by adding 20 c.c. of dilute sulphuric acid and distilled until exactly .00 c.c, 
had crane, over. The distilhitc was then mixed With a few di'ojis of litmus 
solution and titrated with deeinornial alkali, the number of cubic ceul.imetres 
r6i|Uired being recorded. Under these eonditions, the distil late from cow’s 
butter recpvired not less than 13 c.c. of decinormul acid for iieut.ralization, 
while the fats used in the manufacture of artificial butter retpured leas than 
O’,') c.c. 

The Eeichert-Meissl Process. —lleichert’s process has undergone 
a variety of modifications in detail,’* and as now carried out saponi¬ 
fication is generally effected with a mixture of caustic soda solution 
and glycerol {Lpjfmann and Beam), by which the evaporation of 
aicohol is avoided ; also 5 grins, of fat are used iiistcarl of 2’.5 grms. 
(Meisfl), by which the volume of standard acid used in titrating 
is nearly, but not quite, doubled. This proefess, which is chiefly 
useful in the analysis of butter, is required in the analysis of such 
lubricants as porpoise oil ; it may also find occasional applicatitfn in 
the detection of blown oils. The following reagents are required:— 

1. Glyeerol-Snda .—Made by luixing together 30 c.c. of aqueous {austic soda 
solution, containing 50 grammes NaOH in 100 c.c., and 170 c.c. of pure con¬ 
centrated glycerin. Jhis reagent is kept in a bottle closed with a rubber 
stopjjer. , 

2. Dilute Sulphuric Acid.—30 c.c. of puAc concentrated sulphuric acid 
diluted with distilled water to 100 c.o.“ 

* Goldviann, .Chem. Zrit., 1883, xii. p. 783 ; xiv. p. 216 ; xx. p. 317 ; Juur, 
Sac. Cheiii ikd., vii, (1888), pp 238 and 348. Beal, Jour, /truer. Chem. 
xvi. (1894), p'. 673 ; Jmir, Hoc. Chem. Ivd., xiv. (1896), p. 197, 

^ Zeits. f. Anal. Chem.,‘Xvili. p. 68. 

“ For a fuj account, sec Richmond, ArudytA, xrii. (1892), p. 171. 
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3. Decinnrmal Sulfihuric Acid, accurately ataudardized, 

4. (Jdiistie Snda SolMmof approxiiuateSy dccinorinal atrength. A 10. c.c. 
pipetteful of tliis aolntion mnat be tinted witli ]>iienoli)hthaleiii and the 
strengtli determined by titration with the decinorinal .‘lulphuric add. 

5. Plu:mli)htlMteiH Hokition. (Seep. 216.) 

Ti) delermiru'. the Rekhert-Meissl value, a dry conical tlaak of 300 c.c. 
capacity ia c.ouuUn’poi.sed on the balance. Aa nearly aa possible 5 grins, of 
the oil or nieltod fat are ilrojiped into the flask and the exact weight taken 
(in the case of a melted fat after becoming ipiite cold). 20 c.c. of the 
glyoerol-soda nre'.'ulded, and the flask is heated over an Argand-Biinsen 
flame turned rather low. The liquid will foam, and to control lbi.s and 
liastcii the f>])eration the Haslt is frequently agitated. Heating and agitation 
are continued iini.il jirae.tically all the water has been driven off, which will 
lake about ten niiiiutes ; .saponifie.alioii will then be complete, and the flask 
is withdrawn from the flame .and the soap diasolved by adding ISfi c.c. of 
cold water. 'I’he, tir.st ]«irtions of water should lie aildcd drop by drop, and 
the flask sliaken between each addition pi avoid violent foaming. When 
the soaji is dissolved, .0 e,.c. of the dilute sulphuric acid are added, a few 
small fragments of pumice are dnqqjed in, and the litmid is distilled until 
110 c.e. have been collected. 'Hie tube connecting the na'^k to the condenser 
should have a large bulb to arrest the 8pla.shing.s and return them to the 
flask. The contlen.sing tube should la^ of glass, and the rate of distillation 
.such that the. above amount of distillate is collecterl in about thirty minute.s. 

The whole of f.he distillate, if clear, is mixed with about 0-5 c.c. of 
pheiiolplithalein solution, and as many 10 c.c. jiipettefuls of the standard 
cjuistic, soda solution are added .as are required to produce a strong crimson 
coloration ; the liquid is then earefully titratcrl with docinormal sulphuric 
acid until the e.rimson colour is just discharged. 

The distillate, if not clear, is passed through a dry ribbed filter, and 
too c.c. of the clear filtrate are titrated ; in this case, the volume of deci- 
normal soda neutrilized is increased by oiie-tentli. 

A blank distillation must be made to determine the anioimt of decinorinal 
soda required by the materials employed ; with a good quality of glycerin 
this will not exceed O'i) c.c. 


Exampi.Fu 


5 grms. of blown rajie oil gave 110 c.e. of distillate, which was filtered. 
100 £c. of the filtrate were mixed with 10 c.c. of standard caustic soda solu¬ 
tion and 4-76 c.c. of djcinormal H^SO, were required for neutralization. 


10 0 . 0 . of standard soda required, 

, Deduct, .... 

Difference = volume of decinormal alkali ( 
required for 100 c.c. of distillate, . . l 

*(- I’ath, 

.*. Volume refpiired for 110 c.g., . 

Deduct for blank experiment, 

Reichert-Meissl value (volume of decinormal | 
alkali required foj 6 grammes of oil),. . ( 


9-78 C.C. ^ H,SO, 
4"76 C.C. 


402 

•50 

5- 52 
■40 

6 - 12 

*16 
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This process is used most, extensively in the analysis of butter fat,’ 
6 grms. of which, when genuine, \i8ually yield a distillate requiring 
from 24 to 34 c.c. of dccinormal alkali, liesults obtained with other 
oils are given in Table LXIII. 


Table LXIII. 


I 



Eeichert Value 

Iteichert-Meissl Value 

DeBcriptiuii of Oil, etc. 

=c c. of N/IO Alkali 

=c.c. of 8/10 Alkali 

required for 2'6 gnus. 

required for fi gnus. 

Olive oil,. 

0-3 

0-45- 1-5 

Hazel nut oil, .... 


0'09 

Arachis (earthnut) oil. 


0-0 - 1-6 

Castor oil,. 

)-4 

M - 4-0 

Croton oil, .... 


12-1 -13-6 

Coconut oil, .... 

3-0 - 3-7 

6-7 - 8-4 

Palm nut oil, .... 

2-4 

5-0 - 6-8 

Palm oil,. 

0-5 - 0-8 

0-7 - 1-9 

Bape oil,. 

0-0 ~ «-8 

0-0 - 0-8 

Curcas oil,. 


0-28- 0-55 

Cottonseed oil, .... 

0-3 

0-95 

Sesame oil, .... 

O-Se (2-2)^ 

1-2 

Maize oil, . . . ' . 

Linseed oil, .... 

0-33- 4-3 

0-0 - 0-9 

Poppyseed oil, . 

Sunflower oil, .... 


0-0 - O'C 

0-5 

Tallow,. 

0-25 

1-0 - 1-2 

Lard,. . ... 


0-0 - 1-1 

Horse fat,...... 

0-3 - 0-4 

1-6 - 2-] 

Sperm oil, . . . 

Porpoise jaw oil (skimmed and 

1-3 - 1-4 


strained). 

47-8 -56 0 

131-6 

Porpoise jaw oil (unstrained), . 
Solphin jaw oil (skimmed and 

2-1 


strained), .... 

66!) 


Porpoise body oil, 

11-12 

46-9 ’ ’ 

Dolphin body oil. 

5-6 


Whale oil,. 

0-7 -12-5 

... « 

Seal oil,. 

0'07- 0-22 


Cod-liver oil, .... 

0-2(l-]-2-l) 

o 

> 

o 

)K 

Menhaden oil, .... 

1-2 


Wool fat (crude), 

... 

6-6 

Blown East India rjpe oil. 


5-26- 8-8 

„ ravison oil, 

„ * cottonseed oil,. 


5-43 

k” 

• 

7-06 


The .standard method adopted by a Joint Committee of tho Government 
ja^ratory and the Society of Public Analysts fur the analysis of butter>fat is a 
Jl^^jhcation known as tnc Reicbert-Woliny Process, (See the Avalysti 1900, 
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• ■* 

It will be seen that the process is chiefly of valve in the analysis of 
(besides butter fat) porpoise and dolphin oils and croton oil. It would 
not be of much service for the detection of blown oils, unless these 
were present in large quantity. 


K.— ACETYLATION TEST (THE ACETYL VALUE). 

The action of acetic anhydride (sicetyl oxide) upon alcohols and 
hydroxylated fatty acids is applied in the analysis of lubricants both 
in the examination of nnsaponifiable matter containing or suspected to 
contain wax alcohols, and also in the analysis of castor oil. 

1. Acetylation of Alcohols.—When the alcoliols are heated with 
acetic anhydride they arc converted into acetates (esters), the hydrogen 
of their hydroxyl group or groups being replaced by acetyl, 

Thus, in the case of cetyl alcohol (front spermaceti) the following 
reaction takes place :— 

c,„H,,ou + (02140)20 = 0,.,H,.,0.aH30 + 

Cetyl aloohol AccUe nnhydrMe Cetyl acetate Acetic acid 

Glycerol, C 3 H 5 (OH)j, is similarly converted into tri-acetin 
CgH,,( 00 . 21130 ) 3 , but this reaction does not interest us here, since 
gyleerol does not occur in the ‘ nnsaponifiable matter.’ Hydrocarbons 
are unacted upon. In the case of the monohydric alcohols, cholesterol, 
and phytosterol, the esters formed are crystalline bodies, insoluble in 
water, which can bo washed free from acetic acid and weighed. The 
saponification values of these esters arc charaetoristic, and afford a 
means of identifying the waxes, as well as a method of determining 
the proportion of a single known wax, such as sperm oil or wool fat, 
in a mixture containing hydrocarbons. The process is carried out as 
follows:— 

A quantity of not less than 2-3 grins, of the unsaponifiable matter is 
hoiled with acetic anhydride in a small flask under a reflux condenser for 
half an hour. If the -yield of acetates is to be detcrinined, the weight of the 
auhsiance taken must be exactly known, and the flask must also be fared. 

1 O.C. of acetic anhydride per grin, of substance is sufficient, but if the 
available weight of substance be small, 2 c.c. per grm. may be used in order 
to give a sdffioieut quantity of liquid to boil If the unsaponifiable matter 
consist cliiefly of alcohol^ it will dissolve completely in the hot liquid ; but 
if a considerable proportion of hydrocarbons are preftnt, they will float on 
the liquid, and may give rise to explosive ebullition j in this cas#, a few 
small fragments of ignited pumice stone shonid be dropped into the flask. 

7 'he contents of the flask are next diluted with boiling water and heated 
■over the steam-bath, with frequenf agitation, for a few minutes, in order to 
convert the unchanged acetic anhydride into acetic acid, which dissolves in 
the water, and to allow the esters, together with hydrocarbons if present, to'- 
rise and float upon the surface as an oily layer. The hot liquid is next 
poured upon a wet fUteif, and if it he desired to ascertain the weight of the 
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loetylated product the flask is thoroughly rinsed on to the filter with smaU 
quantities of boiling water, until free fi-om acetic acid ; it is then placed 
in the water-oven to dry. The oily liquid in the filter is thoroughly washra 
with boiling water until the washings are perfectly neutral, and the 
filter ia then iilaced in a dry funnel over the flask in the water-oven until 
the acids have run tlirough. The oil absorbed by the filter paper is (after 
cooling) rinsed into the flask with ether (or with boiling chloroform if 
myricyl alcohol is present), the solvent is evapomted off, and the residue is 
weighed constant. The saponification value is then determined in the usual 
Wfty on 2*5 grtiis., or tlie whole (|uantily may he used iffiiot exceeding 2 o 
to 3 gnus, in weight. 


Table LX IV. contains the results obtained by treating in this 
way the unsaponifiable niattor (mixed alcohols) from spenn oil, 
wool fat, beeswax, and caruanlwi wax ; also the results theoretically 
yielded l)y some alcohols known to occur in fats and waxes. 


Tabi.k LXIV.— Results of the Acetylation or Alcohols. 


Alcohol. 


Formula. 


Formula of Acjetate. j 


Yield of 
Acetatxi per 
100 pts. of 
Alcohol 
(Theory). 


! .SftiKmiflcation 
I Value of 
I Acetate, 
j per cent. 
(Theory). 


Cetyl, . . . 

Octadecyl, . ■ 
Ceryl, . . ! 

Myricyl, . ‘ 
Cholesterol, ) ; 
Pliytnsterol, ( ' 


C,„H„,OH 

c„n,,0H 


C,3H3j0.CjIL,0 

C.,,H,,A 02 H 30 


G3„H„,0H 

i 0.„H^30.C3ll30 


117 ' 3 .') 1 I 0 ’ 7 G 

11 ,! 17-99 

lUKil I 1 - 2-81 

109-59 11-09 

111-29 13-50 


1 


Unaaponiftable Matter (Alixed 
Alcohols, etc.), from 


^erra oil, 

Wool fat (crude), . 
„ (neutral),* 
« u ^ 

fieewvax. 


„ (another .sample), 
Camaulra wax, 

.CliOicsterol (pure),); 


1 Yield ul 
[Mixf J Acetates 
j i»cr cent. 
(Ea^eriment). 


11.5-71 
112-21 
112-7 
108-3 (?) 
106-46 
j 107-62 
110-17 


Saponification 
Value of 
Mixed Acetates 
per cent. 
(Experiment). 


18*56 
‘ 16*00 
15-63 
15-.S2 
9-84 
10-26 

12- 14 

13- 49 


* Lewkowitsch, Jbur, ISoc. Qhem. Ind.^ xi,^(I89‘2), p. 188. 

•1 Hid., XV. (1896), p. 14. i fWK., xL (1892), p. 143, 
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The alcohols of sperm oil are iinlcnown ; according to Lewkowitsch 
they belong for the most part, if not wholly, to bhe ethylene series. 
The alcohols of wool fat are also partly unknown, but cholesterol and 
isocholesterol occur in them to a large extent, and ceryl alcohol also 
is present. Myricyl alcohol is the chief part of the unsaponifiable 
matters from carnauba wax and beeswax ; in the latter, hydrocarbons 
occur to the extent of 15-17 per cent., which accounts for the low 
saponification value of the aoetylatod product, tletyl palmitate is 
the chief constfcnent of spermaceti, in which octadecyl alcohol also 
occurs. 

Analysis of Mixtures containing Sperm Oil or Wool Fat and 
Mineral Oil.--(a) When a mixture containing sperm oil or wool fat 
and mineral oil is saponified, the unsaponifiable matter extracted from 
the soap solution by other coiitiuns the whole of the mineral oil 
together with the mixed alcohols of the wax, and in onlcr to determine 
the percentage of mineral oil directly, the alcohols must be separated. 
-No satishictory method of doing this has yet been ,'roposed. Both 
ordinary alcohol and acetic anhydride, even in the cold, dissolve not 
only the wax alcohols but also some of the mineral oil, and therefore 
the mcthixls described by Horn ’ and Hobry do Bruyn - are not 
trustworthy. 

(/)) The percentage of sperm oil in a mixture containing nothing 
else except mineral oil could easily be calculated, with approximate 
accuracy, from the saponification value of the mixture; but when a 
second, perhaps unknown, fatty oil is present, this method is not 
available. Assuming that the third constituent of the mixture is not 
another wax such as wool fat, or a liver oil, containing iiiueh cholesterol, 
the problem can bo solved by determining the percentage of total 
unsaponifiable matter, aeetylating it, and determining the saponifica¬ 
tion value of the acetylated product. Taking the numbers for sperm 
oil given in the table above, and 38 as the percentage of mixed 
alcohols formed by the saponification, the percentages of mineral oil 
and sperm oil in the mixture can be calculated as follows ;— 

, Let a; = the percentage of total unsaponifiable matter yielded 
by the sample. 

,• 7 / = the peroentiige of KOH required for the saponification 
of the acetylated product. 

rp, . ixyxlOO _the percentage of mixed alcohols (o) yielded by 
’ 18-55 X 116-71 the sample. 

X - o = the percentage of mineral oil 

==the percentage of sperm oil. 

38 

^ Jour. Soc. Chew, Ind., vii. (1888), p. 696. 

> lUd:, (1894), p. 426. 
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To test the nietliocl, two mixtures of sperm oil and ‘88.')’ pale mineral oil 
were prepared and analysed with the following result-s:— 

1. Mixture eonUiining 2 parts sperm oil arul 1 part mineral oil. 

Weight taken ; fl grins. Percent. 

Unsaponifiable niatler obtained, 2’9706 gi'ms. — 6!)’4i 

Saponification value of the 1 , 

Ltylatecl product, 19-0r> per cent. 

59-41X 9-05 X100 . 

18-55 X 115-76 

Mineral oil found* 34'37 

„ taken, 33'33 


2. Mixture cojitaining 2 parU imita'al oil and 1 part sperm oil. 


Wci^dit lakeii; 5 grins. 

Unsapoiufiable innttcr obOuneil, 3-9892 gnus. 


Sajionification value of the 
acetylated product, 


J 3*47 jKjr cent. 


Per cent. 

78-78 


ISnS X 3-47 X 100 
18-55 X 11,V7() 


= 12-89 

Mineral iji'found, 60-89 

,, ^ taken, 66-66 


Knisine’.s jirocess for determining hydrocarbons in beeswax, which consists 
if heating the wax with potash-lime to 250° C., whereby the wax alcohols 
ire converted into fatty acids and soaps, from which the unchanged hydro- 
^rbons can be extracted by means of ether,^ would lie aiiplicable to a 
aiiiture of ..sjicrm oil and mineral oil, but not to a mixture containing wool 
'at or cholesterol, since the latter remains practically unchanged (see 
Liewkowitsch, Jour. Soc. C'hem. Ind., 1896, p. 14). 


11. Acetylation of Hydroxylated Fatty Adda and Glycerides. 

Determination of the Acetyl 'Value.—The action of acetic lan- 
lydride on hydroxylated fatty acids is similar to its action upon 
ilcohols, the hydrogen of the alcoholic hydroxyl group or groups 
teing replaced by acetyl. Thus:— • 

C„H,„(0H)C00H 4 - (CjH,0)jO = CVH32(0.G2H3O)C00H + CjU^Oj 

Klfiuolelc acid Acetic anhydride Acetyl riclnulale acid Acetic add 

Benedikt and Ulzor, believing that those fatty acids which contain 
10 alcoholic hydroxyl, such as stearic, oleic, and all the more 
iommonly occurring fatty acids, are unacted on by acetic anhydride* 
troposed the following, method for the valuation of castor oil:— 

‘ iSv Lawkowitoch, Chem. Technology, etc., Ifctf edition, p. 880. 
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Benedikfe Method. —About 20 grms. of the insoluble fatty acids, prepared 
as directed on p, 238, are boiled with an equal volume of acetic anhydride 
for two hours in a flask connected to a reflux coiidenser. The contents 
of the flask are poured into a Jena glass beaker of 1 litre capacity 
and diluted with about 5(i0 c.c. of boiling water; the beaker is then 
placed on a thin disc of asbestos millboard, and the liquid is boiled 
briskly for half an hour with a cover on the beaker. To prevent explosive 
ebullition, a slow current of carbon dioxide is conducted through the liquid 
by means of a piece of thenuometer tube 1 ‘eacbing nearly to the bottom of 
the beaker. Tlfc oil and water arc allowed to separate, the aqueous liquid 
is siphoned off, and the oily layer is again boiled with water. After boiling 
in this wa^' with three successive (piaiitities of water, the oil is poured on to 
a wet filter and washed with boiling ivater until the washings are neutral. 
The filter containing the acetylated acids is then removed to a dry funnel, 
which is placed in the water-oven over a dry beaker and left until the acids 
have run through. 

2*5 grms. of the dry acetylated acids thus prepared are weighed into a 
small flask, dissolved in about 10 c.c. of ncutralisKid rectified alcohol, mixed 
with a few drops of phenolphthalein solution, and very carefully titrated with 
scniinormal alcoholic potash added from a burette until liquid is coloured 
faintly pink. The exact volume of potasli solution used having been read off 
and recorded, about twice as much more is run into the flask from the 
burette, and the flask is then corked and boiled under an inverted condenser 
for one liour^; the excess of potash is then determined by titration with 
seminormal hydrochloric acid, exactly as in determining the saponification 
value. The potasli solution is standardized with the same acid. 

On the first neutralization with potash in the cold, the following reaction 
takes place:— 

Ci7H,.,(O.0,H,O)0OOH + KOH==C„H32(O.02ll3O)0O0K + H3O 

Acetyl-nuinoleic add Potaasium ftcetyl-ricinoleato 

Tlie percentage of potash required for this reaction was called by Beuedikt 
the acetyl acid value. 

By adding more potash and heating, saponification occurs, thus:— 

+ KOH = C„H 35 j(OH)COOK + KO 2 H 3 O 3 

FottLsaium auctyl-iicinoleate PotMBium ridnoleate Potassium acetate 

the percentage of pouish retpiired for this reaction is called the acetyl value. 


Example. 

2*6 grtitf. of the acetylated fatty acids from a sample of castor oil required 
13‘22 c.c, N/2 KOH for neutralization. 13*22 x0 028t)7=s0‘3711 grm. KOH 
required for 2*5 grms. -14*84 grms. KOH for 100 gnus.; therefore, the acetyl 
aetd value was 14*84. * 

26*22 C.C. more N/2 KOH*were added, and after boiling for miQ hour* 
J3'41 e.c.of N/2 HCI were required for neutralization. Therefore, the acetic 
acid formed on saponification required 26*22 -13*41 = 12*81 c.c. N/2 KOH for 
uentralization, = 12-81X 0*02807=0*3698 grm. KOH for 2*6 grm8. = 14*3fl 
grms. KOH for 100 grins.; therefore, the acetyl value was 14*39. 

^ A large excess of jiotash and long heating are necessary for the complete 
■aponifioation of the acetylated acids. 
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The results in the following table were obtained by Benedikt and 
Ulzer;— 

Taulk LXV.—Aoetyl Values oe Oils (Ilmt'dikl). 


! 


Mixed Fatty Acids. 


Acctylfttcd Acids. 


Description of Oil. 

Add Value (KOn 
re<|Uirud for 
neutralization), 
per cent. 

Acety] Acid 
Value, f 
IMff cent. 

Acetyl Value, 
per cent. 

Arachis (earthnut). 

19-88 

19-33 

0-34 

Olive, .... 

19-71 

19-73 

0-47 

l^aj>e, .... 

IS-i-O 

17-85 

0-63 

Peach-lvcrnel, . 

20-25 

19-60 

0-64 

IIeni]).'<eed. 

10-94 

19-68 

0-75 

Walnut, . 

20-48 

19-80 

0-76 

OroLoii, 

20’10 

19-57 

0*85 

Linseed, .... 

20-13 

19-66 

0-85 

Se.sanie, . 

20-04 

19-20 

1-15 

Poppyseed, 

20-06 

19-41 

1-31 

Cottonseed, 

19-98 

19-.57 

1-66 

Grapcseed (Horn), . 

... 


14-45 

Castor, . 

17-74 

14-28 

1.5-31 

‘Blown oil,’ , . * . 


18-45 

6-22 


The following results were obtained b\' Arehhntt:— 


Description of Oil. 


Aectvl Vulu' of tlie 
Insoluble Fatty Acids by | 
Benedikt's Process, 

per cent. ! 


I Castor oil, 

, Blown East Imlia rape oil, 
' Blown ravison oil. 

Blown cottonseed oil, . 


5'«8 

5-37 

O'bG 


Thus, castor oil is sharply distinguished from the other nfttural oils 
(oieept grapcseed oil) by its high acetyl value, less sharply from 
blown oil, though 10 per cent, of the above sample of blown oil 
(Table,LXV.) would lower the acetyl valiie of castor oil from 15%H4 to 
14'43 per cent. , 

Lewkowitseh’ has shown that Benedikt’s method of determining thd 
acetyl values of oils is subject to an imfxirtant errtrr, and that pure 
stearic, oleic, and other fatty acids which contain no alooliolio hydroxyl 

' Proc. Chem. Soc. (ia90),*pp. 72, 81; Jow. Soc. Chen. Ind., ii. (1890), 

p. 660 . ‘ 
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may, nevcrtlielesB, give considerable acetyl values when treated by 
Bencdikt’a process. This ho explains by stating that the fatty ar.ids 
when boiled with a large excess of acetic anhydride are converted 
more or less completely into anhyilrid.ei, as shown by the following 
equation:— 

2 C, 5 H 3 iCOOH + {C„H 30)20 = + 2 OH 3 COOH 

Palmitic acid Acetic anhydride Palmitic anhydride Acetic acid 

\V hen the a<jetylated product is boiled with water, the greater part 
of thennhydriae is reconverted into acid, 

(Ci3HjiC 0)..0 + HjO = 20,,,H3 iC(K)H, 

but a variable proportion remains uuehanged, and does not couihine 
with ])otash in Hw folil ; thus the acetyl acid value is too low. On 
boiling with potash, however, the anhydride readily iindergoes 
hydrolysis, and, by iie\itraliziiig potash, causes a fictitious acetyl value 
to be obtained. ()n this account, the acetyl values obtained by other 
observers have not always agreed with lloncdikt’s numbers. 

In order to avoid the error due to the formation of i.itty anhydrides, 
Lewkowitsch lias proposed to determine the acetyl value by distilling 
off and determining in the distillate the acetic acid formed by saponi¬ 
fication of the acetylated fatty acids. He has since proposed to 
acctylate the glycerides themselves. 

Lewkovnlsch’s Mel hod. —10-20 gnus, of the oil or fat, from which free 
fatty acids, if exceeding 5 [ler cnii. in amount, should be first removed as 
directed on p. 218 (Ill or V), are boiled for two hours with an equal 
volume of acetic aiiliydridc anil then washed by boiling with tliree 
.siicccssi\ e half litres of water, for half an hour each time, as in washing the 
acelylatcd fatty aciihs in Itcnedikt’s |irocess (p. 247). The acetylated 
glycerides are further washed on a wet filter until every trace of acid is 
removed, and finally dried in the water-oven. 

T) gnus, of the acetylated oil are 8u|H>nified by boiling for half an hour, 
under a reflux condenser, with 70 e.e. of seminormal alcoholic potash. The 
soap solution is then rinsed wil.h neutral alcohol into a porcelain basin and 
eva]X)rated over tlie steam-bath until the alcohol is expelled. The soap is 
dissolved in boiling jvater, rinsed into a 12-oz. flask, and decomposed by 
iiddiug exaclhj lire volume (ascertained by a separate experiment) of semi- 
normal hydrochloric acid or sulphuric acid necessary to neutralize the 70 
C.C. of standard potash. The flask is closed by a cork carrying a long glass 
tube. The fatty acids will melt and form a clear oily layer on the surface 
of the limiid, and the acetic acid, together with any soluble fatty acid 
prosei t, will dissolve in the aiqueous liquid. (In order to facilitate the 
.separation of the fatty acids, a little niuieial acid may be added, which 
lUUbt be carefully measured and allowed for in th? subsequent titration.) 
When cold, the aqueous luiuid is poured through a wet filter and ihe fatty 
acids are thoroiigUly washed with h»t well-boiled distilled water free from 
iJO .3 until the soluble acid is removed. This part of the process resembles 
the deteriiiinatioii of the Hehiier value (p. 237). The filtrate, which must 
be perfectly bright, is then titrated with deeinovmal alkali, using phenol- 
phthalein us indicator, and, from the result, the number of grms. 0 ! potash 
required to neutralize the acetic acid formed ou saponifying 1(X) grms. of 
the acetylated oil is calcidated. • 
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Tabi.k lx VI. —Acetyl Values of Oils (Lewhymisdi). 


CIhm. 

Dcacriptioa of Acetylated Oil. 

True Acetyl Value. 

Per coDt. 

VefielaWe 
Niiii-dryiiij' 
Oils and Fats. 

Olive oil,. 

Arachis (earlhnut) oil, 

Castor oil,. 

Japan wax, .... 

Coconut oil, .... 
Palm nut oil, .... 
Palm oil,. 

1'06 
f 0'91 

14'67-lfi 05 
1-73- 2-66 
0-09- 1-23 
0']9-0'84 

1-60 

Vegetable 

Semi-drying 

Oils. 

Rape oil, ..... 
(lottonseed oil, .... 
Maize oil,. 

1-47 

0-76- 1-80 

0-58 

Vegetable 
Drying Oil. 

Linseed oil, .... 

0*40 

. 

A.niiual Oilf^ 
and Fats. 

Neatafoot oil, 

Lard oil,. 

Ilorsefoot oil, .... 
Animal oil, .... 

I’aHovv,. 

Rone fat,. 

0-22 

0-26 

0-94 

1-85 

0-24 - 0-86 

1-13 

1 

Marine Animal 
Oils and 
Fluid Waxes. 

Sperm oila (Soutlieni and Arctic), 

Seal oil,. 

God-liver nil, .... 
Fish oil (conLaiiiitig coaftt cod oil, 

etc.).■ 

Skate liver oil, . . . ., 

Shark liver oil, .... 
Japan fish oil, .... 

0'41 - 0-64 

1'52 

O'll 

>«-27 

1-01 

0-90 . 

1-16 

Waxes (solid) 

• 

Wool wax,. 

Sjiermaceti, .... 

Beeswax,. 

Carnaulia wax, . , . 

* 

2-33 

0-26 

1-52 

5-52 

Blown Oils. 

• 

Blown East India rape oil ('962), 
Blown ravison oil ('968), . 

4'66 

6-26 


Bliiwn*cottolifleed oil (*979), 

t 

0-42 
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Acetyl values dotermiiicd by the foregoing tuctbod include the 
potash required to neutralize the soluble fatty acids present in the 
oil or fat; tly; true acetyl vahies are obtained by deducting this. 
Lewltowitsch has published a number of determinations, from which 
those in Table LXVI. are selected. 

Lowkowitscli, who has made a very complete investigation into the 
meaning of the acetyl value {Aiudysf, 1899, p. 919) has shown that 
it must not bo looked upon as a constant, except in the case of castor 
oil, since it ileasures, besidc.s hydroxylated acids, the following 
sul)Stances which may occur in variable jiroportions in oils and fats, 
viz.;—free alcohols (including cholesterol and ])hytosterol), oxidized 
and unknown fatty acids occurring in blown oils, also mono- and 
diglycerides resufting from natural hydrolysis <if triglycerides in oils 
and fats which have been'kept. Oils and fats which have become 
rancid by keeping possess higher acetyl values than when in the 
fresh condition. These considerations slutw the necessity of taking 
precautions to prevent oxidation of oils or fatty acids obtained from 
them, jjreviouB to the determination of the acetyl value. 


L.—THE IODINE VALUE. 


I. Meaning and Use of this Value. 


The iodine or lliihl value of a substance is the percentage of iodine 
absorbed from solution under definite ctaiditions prescribed by HUbl 
in 1884-.* The value of the test depends upon the fact that oils, fats, 
and allied bodies are mixtures, in very variable proportions, of 
glycerides of saturated and unsjiturated fatty acids, and that whilst the 
latter readily unite with the lialogens and form addition products, the 
former do not. Hy bringing the oil and the halogen together in 
solution under conditions which reduce substitution to a minimum, 
it is found that the amount of halogen absorbed by each kind of fat 
and oil is very clr'-racteristic, and affords one of the most reliable 
means vvo possess of distinguishing one kind of oil from another and 
of •determining their proportion in mixtures. The test is most 
generally useful in the analysis of fixed oils and fats, biit it has a 
limited value in the identification of mineral lubricating oil, vaseline, 
and paratfin wax. The halogen at first ustsl was bromine. Allen 
published details of a bromine process in 1881,2 and an improved 
process was described by Mills in 188.9 and 1884»;2 p„t Hiibl’s iodine 
process has gradually supenlcded these. It has been the subject of 
.lumcrous modifications, but the duly one of permanent value is that 
due to ■Wijs,^ which has grearty simplified and improved the Hubl 


1 Jow. iSoe. Chen. lud,^ iii. (1884), p. 841. 

* Analyst, vi. (1881), pp. 177 aud 216. 

» jZ sL C^n. M ,ii. (1888), p. 436 ; iii. (1884), p. 366. 

* BfridUe, 1888, f50. 
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process. We sU<all describe both processes, bul tbc latter (Wijs’s) 
is tlie one wlxicli recoimnonds itself for nse. 


11. Determination of the Iodine Value. 

(a) HUbl’s Process. —The following; solutions are requinid :— 

Iodine Solution, —This is a solution, in ethyl alcohol, of iod'iie and 
mercuric eliloride, in the proportion of at least one molecule of mercuric 
chloride to every molecule of iodine. The j>resencc of mercuric chloride 
renders the absorjjtion of the halogen by the lat m<u’e rapid and complete, 
and is essential for the al-taiiinieiit of constant l•eBult^.’ 

In preparing the solution according to HubTs directions, 1 litre of pure 
percent, ulcobol is divided into two ei|ual j)arte ; in (me, 25 gnus, of iudiiu 
arc dissolved (lieating hastens solution), and in the. other, 3U gnus, ol 
l)owdered mercuric chloiide (easily soluble in tUe e.old); the two solutiom 
are then mixed. The solution must be kej»t in a we]!-stoppei*ed bottle in i 
dark, cool cupboard. At first the strength is about one-fifth normal, bui 
the free iodine gradually and continually diniinislws, at first rapidly anc 
afterwards more slowly."'^ The .solution, when freshly prejmred, should b( 
allowed to stand for from six to twelve lioui*s liefore use. Every time it if 
used it must be standardized. Owing to the conlj^ial diminution of strength 
a solution many weeks o\d can no longer be relied upon to give the maximun 
iodine absorption with substances of high iodine value, and, as the actior 
of the iodine on the alcoliol is much rapid in the^ absence of mercurit 
chloride, it is far hotter to keep the solutions of iodine and mercuric chloridf 
in separate bottles and to mix them only a few hours before being rc<piire(. 
for use. 

J)ecinoriml Thiosulphate Solution—Thir^ may he prepared by dissolving 
12*4125 grms. of pure dry sodium thiosulphate crystals (Na^S^ 03 . 5 H., 0 ) ii 
water and diluting to 500 c.(;. at (>0* E. TIkj recrysUillized .salt, as purcliased 
is almost chemically pure, but generally darii}»; the crystals merely requin 
crushing, drying by moderate pres-sure l>etween folds of blotting-]>aper, anc 
preserving in a well-stoppei'ed bottle. If the above stated quantity of tht 
clried salt he made up to exactly 500 c.c., the solution will be so nearlj 
correct that for ordinary work it is not necessary to standardize it; and i; 
kept in the dark, it alters in strength very slowly. But it is easier anc 
more satisfactory to prepare an approximately dcfinormal solution, bj 
dissolving 12*5 grins, of the undried crystals, and to standardize thi» b} 
means of pure potassium bichromate. 

The pure bichromate is prepared by recrystallizing the oomniercial salt i 
few times, and is obtained in the form of line granuhir crystals •by stirring 
and rapidly cooling a hot saturated solution. The crystals are filtered b} 

’ According to Wijs (Jour. Soc. Ohe^iti. ItuL, J8B8, 698), iodine monochloride ii 
first forihed, as shown by Ephraim, HgCl 9 + 4lssHgI.^+2ICl, but this r^cU witl 
the water of the alcohol to form hypouKious acid, which is the active agent 
thusICl + HaOssHCl-f HIO. LewkowiVwh prefers to assume that ICl ii 
added on direcUy. 

® Owing to the fact that the hypoiodous acid gradually oxidizes the alcohol h 
aldehyde, thus:—0^1160 +2in0 = C 2 H 40 + 2 H 26 + l 2 . In this reaction, 2HI( 
(two molecules) liberate lo, >vbereas one molecule of undecomposed HIO liberates I 
in the titratign, thui:—HCl + HI0 + KI=KCl + Hj 0 i‘-l 2 . 
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snction, dried in the air-oven at ISO^-SOO* C., and Vept in a stoppered 
bottle. 


For sUindardizing the thiosulphate, an accurate 1 per cent, solution of the 
bichromate is prepared, and is Kept in a well-stoppered bottle. 10 c.c. of 
this solution are measured into an 8-oz. Ktoppered oottle and diluted with 
alwut 4 0 /., of cold distilled water. 20 c.c. of a 10 per cent, solution of pure 
potassium iodide (free from iodate) are added, ana about 10 c.c. of dilute 
8uli)huric arid (1 vol. of strong acid to 3 vols. of water). This acid 
liberates exactly 0*2584 grin, iodine, equivalent to about 20*4 c.c. of deci* 
nontial tbiosiilplmte. The thiosulphate .solution is then added from a 
burette* in drojm} with continual agiUtion of the lic^uid, until the colour of 
the free iodine ha.s nearly disappeared. Starch solution is then added, and 
the titration is finished very slowly, by adding the thiosulphate at first two 
drops and then one drop at a lime aud allowing plenty of time between 
tiJich addition, as the final destnmtion of the blue iodide of starch takes 


])hice slowly and it is easy to overshoot the mark. The. colour of the solution 
is not bleached, but changes to the jialc bluish-green of chromium chloride. 
If x he the number of c.c. used, then 1 c.c. of tbiosiilpbate solution is 

c(juivalent to grui. of iodine. 

X 


An alternative, aud in some resiK*ct8 jireferable, method of standardizing 
the deciuormal thiosulphate solution h by means of deciiiormal jjernian- 
ganate solution. 100 c.c. of (listilbnl w’ater, 10 c.c, of dilute sulphuric acid 
(1 vol. of acid to 3 vol.s. of water), and 20 c.<t. of a 10 ])cr cent, solution of 
pure potassium iodide, are well mixed in a stopjxired bottle. 20 c.c. of dcci- 
nonual permanganate solution are then added and the liberated iodine 
titrated witli the thiosulphate solution. 20 c.c. of decinorrnal pernianganatc 
.solution of correct strength lil)orate 0'2639 grm. of iodine. 

I*ota$stm/h Iodide Stdution .—This is a 10 per amt aqucou.s solution of the 
pTire salt free from iodate. It becomes shgblly yellow on keeping, owing 
to liberation iodine, but may be bleached by adding a drop or two of 
thioauljdiate. 

Starch Solution. —About. 1 grni. of pure arrowroot starch is rubbed to a 
smooth cream with a few drops of water and poui*ed into an 8-oz. conical 
beaker. The beaker is nearly filled with boiling water, immediately placed 
over the naked flame of an Argand-Bunsen for a few moments, and allowed 
to boil up. It is then covered and left to stand over night, and the clear 
liquid is decanted for use. If required for use immediately, the hot liquid 
may be filtered. 

Methylated (jhlorojorm .—This must be proved to absorb no iodine. 
Place 1*0 c.c. and 20 c*c. in two stoppered bottles. Add to each, 10 c.c. of 
iodtne solution, and stopper the bottles tightly, after moistening eacli 
stopper with a drop of potassium iodide solution. Place the bottles in a 
dark cupboard for several hours, and then titrate the free iodine in each ; 
if the >^oIiIfine of thiosulphate xised is the same for both, the chloroform ie 
fitfortise. 

To determine the iodine value, as much of the subitance is weighed *n a 
very small counterpoised beaker as will absorb about 0*3 grm. of i^ine, or 
.4 trifle more. It is dissolved in cliiorofonn^ and rinsed into a dry 8-oz. 


^ If the thiosulphate be added mo% rapidly, an cxcessivo quantity is required. 

“ In testing a substance which is insoluble in chloroform but soluble in alcohol, 
either the substance is tran.'^ferred to tlio bottle in a dry state, or it is dissolved in 
10 c.c. of absolute alcohol and exactly the same volume of absolute alcohol is 
added to the blank quanti|y. 
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stoppered bottle, about 10 c.c. of chloroform being ueud altogether. About 
the same volume of chloroform is then poured into another similar bottle. 
Both bottles must have very well fitted stoppers. 

The approximate .strengtli of the iodine solution having been ascertained 
by titrating 10 c.c. with the staiuiard thiosulphate, as much is measured into 
each bottle as will contain at least 0-6 grm. of iodine. If, after mixing, the 
contents of the bottle containing the substance be not clear, more chloroform 
is added, the same extra volume being added to the blank ipiantity. The 
bottles are then tightly stoimered, each stopj-ier being first moisteneil with a 
drop of strong potassium iodide solution to make a more alteetive seal, and 
are placed in a cool, dark cupboard for not leas than six, and not mere than 
about eighteen, hours. It is convenient to commence the experiment late 
ill the atternooii and titrate the first thing ne.xt morning. 

Before commeiicing to titrate, e.acli bottle, in warm weather, is first cooled 
by runniiig some cold water over it, so as to proflucc a slight reduction of 
J)i'e.s 8 ure inside, and a few drojw of jxitassium loilide solution are jioiired 
round the stopper, wliicli, on opening the bottle, are drawn in, nissiug the 
neck and stopper. 20 c.c. of potassium iislide solution are then poured into 
the bottle, and cold distilled water is ailded until the Iwttle is about two- 
thirds full. Part of the iodine will now be in the aipieous lifpiid, and part 
in the chloroform solution which settles to the bottom. The standard tliio- 
suipliate solution is next run in, at first rapidly and afterwards more slowly, 
with constant agitation, until the free iodine has nearly all disajipeared, aiid 
then the starch solution i.s added and the titration is finished drop by drop, 
vigorously shaking the closed bottle between eaclj^rop, until the blue colour 
,s destroyed. Thu dili'ereuce between the volumes of thio.sulpliate solution 
ased for the blank quantity and for the sample is calculated to iodine, and, 
when divided by tlie weight of substance taken and multiplied by lOU, 
’ives tlio iodine value. 


Example. 

It was required to determine the iodine value of a sample of olive oil. 
lO c.c. of iodine solution, rather old, I'eqiiired 17'2 c.c. of decinurnial 
■hinsulphate solution, equivalent to 0-217 grm. iodine ; therefore, a 30 c.e. 
lipettciiil would contain about 0*65 grm. iodine. Now olive oil, when 
jenuiiie, absorbs about 80 per cent, of iodine ; therefore, weighed out 
>•4 grm. In titrating, the volumes of thio.sulpliate solution used wore, 

For the blank quantity, . . 50-Vi0 c.c. 

For the test qiiautity, . . 24i,30 c.c. 


Difference, . . . 26 f )0 c.c. 

c.c. of the thiosulphate used was equivalent to 0-01261 grm. iodSio ; there- 
ore, 26-SO C.O. wore equivalent to 0-3341C grm. Therefore, 0-4 grm. of the 
il absorbed 0-33416 arm. iodiuo, and 100 grims. would absorb 0-334] 6 -f- 
-4 X 100=83-54, wliicTi is the iodine value of the sample, 
hor the attainment of uniformly reliable and concordant results by this 
rpeess, about double as much iodine should be added as the substance can 
bsorb. The iodine solution must not be too weak, otherwise the maximum 
idine absorption is not obtained with oils of high iodine value. The 
igestiori with ipdine must not be continued for too sliort a time, nor unduly 
itighfc(abont eighteen hours) is sufficient in all cases. 
Jthough these precautions are more necessary wlugiMealing with substances 



CHEMICAL PROPERTIES AND METHODS OF EXAMINATION. 255 


Table LXVII.— Iodine Valdes op Fixed Oils, Pats, and Waxes 

AND THEIB MIXED FaTTY AcID8. ' 


- 

- • _ 



/odme Valueit. 

CiaM. 

Name of Oil. etc. 

Iodine absorbed by 100 Parts. 



or Oil, Fat, etc. 

Of Mixed 
Fatty Acids. 

• 

Vegetable 
Non-dryiii}: 
Oils and Fats. 

Olive til, . 

Olive kernel oil, 

Hazel nut oil, . 

Hen oil, . ' ’ ! ’ 

Araclns (earthmit) oil, 

(Castor oil, 

Jajmn wax, ... 

Coconut oil. 

Palm nut oil, . ’ 

Palm oil, . . . ' 

Cottonseed stearin, . . . ' 

7fi*2-Pl *7 (rarely 

exeecds S6) 

87 - 88 

83 - »0 

72 -113 
83'3-10.'i 
81-4- 90 0 
4'2- 16T 
8-3- 10 

10 - 17-5 
.'■>3 - 67-4 
88-5-104 

80 - 90-2 

90-i-^ 00-6 

95-6-^103-4 
86-5- 88-6 

8-6-^ 9-5 

12 

63-6 

94-5 

Vegetable 

Semi-drying 

(MIb. 

Kape oil, . 

riavison oil, , . . ’ ' 

Mustard oil (white;. 

Mustard oil (black), . 

C’urcasotl, . . ’ 

C«*ttonfleed oil, . . 

Sesanu! oil, 

Hrazil nut oil, . . . 

Heechimtoil, . . . ! ’ 

.Maize oil, 

Caiueiine oil, • . ! . ! 

94-1-105-6 
109 -122 
ft2-l-103 

08 -122-3 
08-3 100-9 
iuo-9-ue-9 

102-5-116 
90-6-10fi-2 

111 120 
IU-2-130-8 
186-3 •142-4 

9R-S-lO.'i-0 

J2C 

94-7 10^{•2 
109rHl2G-5 
lOB 

111 -116-7 

109 -112 
liJ8 

114 

113 -12.'i 

137 

Vegetiible 
Drying Oils. 

Unseed oil, .... 

llenifmeed oil, . . . [ 

poppyseed ml, . . . . ’ 

Walnut oil. 

MgerBeedoIl, . . . ! 1 

Sunllower oil, . . . ' * 

IGO -201-8 
140-6-167-6 
lS2'0-157-6 
182-1-161'7 
126'&-133-B 
120-2-186 

178-6-209-8 

122 -141 
116-6-139 

160 

147-6 

124 -134 

Animal 

Oils and Fats. 

Neatsfoot oil, 

liiiTd oil, . . . . ! 

Horsefoot oil, . . . i ^ 

Tallow oil (‘animal oil ■), 

Tallow (beef, ninttoii, and home refined) 
Hone fat, 

L»ml, 1 

Horse fat, . ] ’ * 

- 

00-8- 72-9 

67 - 88 

73-7- 90-3 
f>6-6- 00 

32*7- 49-3 
40-3- 66-8 
49-9- 76-9 
71-4- 80-3 

02 - 77 

72-9-^ 78-7 

65 - 67 

26 - 41-3 
56-7- 67-4 

04 

84 - 87-1 

• 

Murine * 
Animal Oils 
And 

Fluid Waxes. 

Sperm oils (Southern and Arctic),. . j 

Porjioise jaw oil, atrained from solid fat. 
Porpoise jaw oil, unstrained, . i 

Dolphin jaw oil, strained from solid fat. ! 
Porpoise body oil, . . . . i 

Dolphin body oil, . . 

Whale oil, . . . . ! 

Seal oil, ..' 

Cod liver oil, . . . . ! 

Other fish liver oils, 

Menhaden oil, . . . j . 

Sardine (including Japan fish) oil,. 

« 

67-1- 90-1 
21-B- 49-6 

77 

33 

88 -119 
99-6-120-9 

110 -130 

127 J1O2-0 

136 -181-3 

90 -lOl'l 

139 •2-172-6 
100-0-193-2 

82*2- 88-1 

180-3-132 

130-^170 

Waxes 

(solid). 

Wool fat,. 

ftl»ermacetl (if free from sperm oil), 
Beeswax,...... 

Carnaubn wax, ... 

-36 - 41 
nil. 

7-9- 11 

13-5 

9-17 
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Table LXVIII. —Iodine Valuer of Misceli.aneodr Substances. 


(Jlass 

Descriptfoti. 

Iktrline Value 
=lotUue absorbed by 
100 parts. 

Blown Oils. 

Blown ra[K.‘ oil, .... 
Blown cottonseed oil. 

47 - 7.3 

r>6 - 66 

Alddliols. 

Alcohols from sjierm oil, . 
Alcohols from wool fat. 
Cholesterol and phytosterol, 

59-5- 69-3 
,3.5 - 40 

67-3 68-1 

Resiii.s, 

Colophony, .... 

160 -219* 

Solid 

Hydrocarbon*;, 

Paraffin wax, .... 
Ozokerite,. . . . 

Vaseline (Chesehrough Co.), 

;j'9- 4*0 

4*r>- 4-9 

8-6 

Aitiericaii 
Jjubri eating 
Oils. 

Pale‘885,’ . . . ^ 

‘ Red ’ etigine oil, 

Dark mcdiuni nuicliinery oil, . 
Dark cylinder oil, 

12'f>2 

16-06 
. 14-15 

15-02 

Russian Lulni- 
oating Oil. 

‘ Ragnsinc ’ oil No. 1, 

7-19 

Shale, Oil. 

Scotch shale oil, ‘ 890,’ 

22-99 


Roflin oil,. 

. 43-48 


* Wljs’g Holution, two houra’ contact (gee Lawkowitsoh, Oilg,a’-’alg, ate., vol. i. p. 890), 


ot high than of low lodino value, it is desirable to adopt the same method of 
working in all cases. a 

The chemical reactions taking place in this process have been fully 
discusjed in papers by Schweitzer and Lungwitz.i Kphraim,® Waller,® 
eWijs,^ and Lewkowitsch ®; for practical purposes it may be assumed 
that ICl is added on to the unsaturated carbon atoms. 

''Jour,. Soc. Chem. Ind., liv. (1896), jiji. 130 and 1030. 

" Aiidli/si, xk. (1895), p. 176. ^ Ibid,,, ]>. 280. 

* Jour. Soc. Cheitr, 1898, p, 698. 

' Ana(t/si, 1899, p. 257. 
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(b) Weis’s ProceBB.—Wijs has replaced Hiibl’s reagent by a solution 
of iodine moiiocliloride in acetic acid. 

The reagent is prepared by dissolving 13 grins, of iodine in 1 litre 
of pure glacial acetic acid, determining the titre of the solution, and 
then passing into it a eurrent of chlorine (free from hydrochloric acid) 
until tile titre is nearly but not more than doubled. With a little 
practice the point can bo judged with fair accuracy by observing the 
change in colour from very dark brown to a rich onxnge. The acetic 
acid used must to proved to have no reducing action on permanganate. 
The srihitiou thus obtained baa the following advantages over the 
Hiibl solution ; it is comparatively stable, and will keep for six months 
without serious loss of strength; the time of contact neoes,sary for 
complete iodine absorption to take place is shortened to an hour or 
less (in the ease of non-drying oils, a few minutes suffice). 

To determine the iodine value with this solution, as much of the 
substance as will absorb about 0’32.') grm. of iodine is dissolved in 
10 e.c. of chloroform in a stoppered S-oz. bottle, mixed with 26 c.e. of 
the Wijs solution (containing about 0'6,'5 gnn. of iodine) and allowed 
to stand fifteen minutes for non-drying oils (olive), thirty minutes 
for semi-drying oils (rape), sixty minutes for drying oils (linseed). 20 
c.e. of potassium iodide solution are then added, followed by about 
100 c.e. of distilled water, and the titration is proceeded with in the 
maimer described on p. 25-1. There is no need to make a blank test, 
occasional titration of the Wijs solution being sufficient. Iodine 
values deteniiincd by this method agree closely enough for practical 
purposes with those determined by the Hnbl method, when the latter 
is properly carried out, and as the method is mncli simpler it will 
naturally be preferred. 

M.— HEHNEE’S BEOMINE T HERMAL TEST. 

llchner and Mitchell have devised a very useful thermal method 
for the examination of oils. Hehnor showed' that when liquid 
bromine is added to an oil or fat dissolved in chloroform or carbon 
tetrachloride, instantaneous combination occurs, .accompanied by 
considerable evolution of heat, and in conjunction with Mitchell he 
subsequently discovered that the heat evolved, moa.surcd by the rise 
of temperature under fixed conditions, bears a nearly constant ratio 
tr the iodide value; that, in fact, the iodine value, which by Iliibl’s 
procCBS takes several hours to determine and involves the use of a 
8])ecial reagent not always ready, can be ascertained with considerable 
.accuracy in a few minutes by‘moasuring the thermomctric rise* with 
brc.uine and multiplying the result by a constant. 

fiince iodine values can now be determined so rapidly by the Wijs 
process, the bromine thermal test has to a large extent lost its useful¬ 
ness ; but it may still be employed with advantage as a sorting test, 

Analyst, xx (1896), p. 49, 
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where a large number of samples have to be examined in a short 
time. 

The following apparatus and reagents are required:— 

A vacuum jacketcd-luhf.} measuring internally 3^ inches in length x 
\ inch in diameter. 

A Centigrade thermometer, divided in fifths of a degree from, say, 0° to 50°. 

A 1 C.C. pipette, having a short soda-lime tube fixed by a cork to the upper 
end, with a flexible tube for mouthpiece. 

Liquid bromine, and 

Mdhylated chloroform. 

The ProcesB.—The vacuum-jacketed tube is suspended from one arm of the 
balance by means of a stiff platinum wire loop (fig. 72), a counterpoise 
made from a piece of thick sheet lead,being jilaced in the other pan. By 
opening the side door of the balance case, the oil or fat can be dropped into 
the tube and the exact weight easily and quickly adjusted. The tube is 
then slipj)ed out of the wire loop and fixed firmly, 
by means of the short stem, in a suitable stand, and 
10 c.c. of chloroform are measured into it from a 
pipette. The teiujjerature of the bromine having 
been ascertained to tlic nearest (IT deg., by .stirring 
with the thermometer, the same thermometer, freed 
from adhering bromine, isfmmersed in the chloro- 
formic solution of the s^stance, which is brought 
to" exactly the same temperature as the bromine, 
either by warming the outer tube by the hand or 
cooling it by immersion in cold water. This adjust¬ 
ment takes place slowly, as the heat can only be 
transmitted by radiation. Immediately the tem- 

Fio. 72.—Vacuum perature is correctly adjusted, 1 c.c. of the bromine 

Jacketed Tube. m withdrawn from the bottle (by means of a pipette, 
provided at its upper end with a short soda-lime 
tube and a flexible mouthpiece) and added to the chloi-oform solution, which 
is rapidly stirred with the thermometer until the mercury has risen to the 
highest point and begun to fall again. As this takes place in about fifteen 
seconds, close observirtion of the mercury is necessary. The difference 
between the initial and final temperatures is the rise of temperature. 

It is desirable to vary the quantity of substance taken, according to the 
amount of heat developed. Of olive and rape oils-l grm. is a suitable 
quantity ; of tallow or any other fat composed mBin]y.,cf saturated glycerides, 
8 grms. may be used ; but of linseed oil, which reacts very violently, with 
bromine, 0’6 grm. is sufficient. 10 c.c. of chloroform and 1 c.c. of bromine 
are used in all cases. The rise of temperature when 2 grins, are used 
is divided by 2, and when 0'5 grm. is used is multiplied • by 2. The 
result, expressed by the symbol fi, may be called the bromine thermal value. 

■ The numerical value of the constant,or factor for converting the 
bromine thermal values into iodjne values depends upon the heat 
capacity of the particular tube and thermometer used. Hehner 
and Mitchell found it to be about 6'5, Jenkins^ 5'7, Archbutt® 

’ Obtainsblf from Messrs. Baird & Tatlock. 

Jour, Soe. Chan. Ini., xvi, (1897), p. 193. 

® Ibid,, p. 309. , 




CHEMICAL PKOPERTIBS AND METHODS OP EXAMINATION. ED» 


Table LXIX. 


Tliermal ValUt/>0). *C. 


Experiment. 


IJromine na Bromine eat«UAteti 

rnrehaaed. with Water. 


Anhyilroua 

Bromine. 


Tablk LXX. 


1 Tallow. 7 8 amplo 8 ( 2 Krina. URod; the 
riBC of tonjpemture-r2--/J). 


Description. 


American beef, 
Homo rcllnod, 


Anatrallan mutton, 
Home refined, . 


Bromine i 
Thermal 
Value (8) ' 

ei 

(O 

X 

•a 

0-1 

37‘8 

fi 7 

41*5 

U-7 

41-5 

7’Ofl 

43-7 

7*2 

44 ”0 

7-66 

40*8 

8-9 

65*2 


. Olive on. 10 aamples (1 Ktra. used ; 
the rlao of temperature=^). 


Description. 


3. lla|>e Oil. 11 aninplea (1 grin uBcd; 
the rise of temperature=p). 


Description. 


Stettin, . 
tJti known. 


1 

Bromine ! 
Thermal ' 
Value (0) 

ei 

05 

X 

•a 

Hubl 

1 Iodine 
: Value. 


17-0 

ioo-f> 

09-0 


17 36 

ll)2-7 

102-7 


17-4 

103-0 

103-8 


17 •« 

102-4 

103-1 


17-7 

104-8 

106*7 


17*8 

106-4 

104-6 


17*9 

10.S-fl 

lOC-2 


18-26 

108-0 

108-1 


18-6 

110-1 

100-4 


19*1 

113*1 

118-fi 


20-8 

120-2 

121-7 


4. Raw Linseed Oil. 10 samples (0*6 grm. 
used ; the rise of temperaturex2=3). 


Description. 


Unknown, 

Malaga,. 

Unknown, 

Gailiiioll, 

Unknown, 

Qalllpoll, 


77’2 78*7 * Old sample, 

78'7 < 78-0 Unknown, 

78'7 79*8 , American (?). 

80-9 78*4 ' Unknown, 

80*9 sit Calcutta, 

81'8 8T4 : „ 

82 1 82*0 : Baltic, . 

82*4 84*2 n 

i 82'6 82‘5 I 


c sS 

6 

‘S S s> 

» 


X 


ca 

28-6 

171-0 

28-8 

172-» 

29-6 

177-6 

20-7 

178-2 

29 8 

178-8 

80-46 

182-7 

81-35 

188-1 

Sl'4 

188-4 

SI-75 

190-6 

32-6 

196-0 
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from 5'7 to 6'2, acoorrling to the nature of tlic oil. Each operator, in 
a teat of this kind, must of necessity work ont liis own factors, by 
making comparative detcrmin.ations of the iodine values and the 
bromine thermal values'of about half a dozen genuine samples of each 
description of nil which ho wishes to use the method for. 

The results of conso'outivc cxporiments made with the same sample 
of oil are remarkably concordant, the e.\trenic difference usually 
observed being 0'H° C. Dupliciitc c.vperinients, m.ade at intervals 
of several days, us\;ally agree within Od” Bromin,e as purchased, 
the same fully saturated with water, and the same dehydrated by 
shaking with strong sulphuric acid .and distilling, gave practically the 
same rc.sults, as the figures in Table LXIX., obtained with the same 
sample of rape oil, show. 

Tlie results of o.vperimonts with four descriptions of nil are 
given in Table LXX., and it will lie seen that the agreement 
between the observed and the calculated iodine values is generally 
very satisfaetoiy. Thus, with the seven samples of hallow, the 
m<axinium difference is T7 ; in the case of the olive oils, it is 2'd ; 
eleven samples of rape oil gave a maximjim difference of T5 ; and 
the agreement in the case of raw linseed oil is nearly as good. The 
greatest difference observed in testing ten samples of the latter oil 
was 4'2, but if wo omit the first two siimples^ic difference does not 
exceed 2'.n. These resd'lts prove that the bromine thermal test is 
a valuable auxiliary method for the valuation of oils, which, in 
laboratories wdiore a large nundrer of oils of the same kind have to 
bo examined, may save a great deal of time and labour. 


N.—MATJMENi’S THEEMAI TEST. 

All the fixed oils react with strong sulphuric acid with evolution 
of heat, wdiioh is least in the case of the non-drying .and greatest in 
that of the drying oils. In Manmene’s test, .50 grins, of the oil ai'e 
stirred in a beaker with 10 c.c. of strong sulphuric acid, both at the 
same initial temperature, and the rise of temperature is read ,,off. 
This varies from about 40' C. with olive oil to about 130' C. with 
linseed oil; and as the limits of variation with different pure samples 
of each oil are not wide, the tost, when conducted with duff care, is a 
valuable means of distiiiguishiug one oil from another and of detecting 
adulteratkm, '• 

The*attainment of uniform results by This test depends upon the 
employment of identical oonditiondi especially as regards the strength 
of the sulphuric acid used. The following results by Archbutt * 
show the effect of varying the strength of the acid, all other condi- 
.tions remaining the same. , 

, ’ Jour, Soc. Chem, Irul,, v. (18861 p. 308. 



CHEMICAL PHOPEETIES AND METHODS OF EXAMINATION. 261 


Table LXXI. 


Rhe of Tempeniture '* C.) with Acid containing 
per ccitt of HoSOj. 



tl7'3« 

96*71 

9r>-72 

94*72 

93-75 

92-73 

91-85 

Olive oil, puv^. 

42-7 

42 

39 

365 

31-6 

31 

28-6 

Olive oil, impure, 

48-,’) 

47-3 

14 

40T) 

38-7 

35-5 

32-5 

lla])e oil, pure,, 

(13 f) 

01 

58 


50-3 

47 

11-7 

— 



_ — _ 

_ 

— 

— 



As Llic tL*m])oratuvc vises more slowly the wcakci tiie acid, it is 
advisable to use an acid conbiining not less than 97 per cent, of 
ILSO.j ; and the strength must be Ju^ierbuned by analysis, since tlic 
specific gravity of sulpluiric .acid reaches the nia\iniuui at 97*7 per 
cent., and tlien diminishes, so that acids of 90-6 ])er cent, and 99*2 
per cent, strcngtlt have tiie sjune specific gnivity (Lwige and Ntief). 
'riie method of working which wo recommend involves the use of 
the following reagent and appamtus : -- 

SidiihuTXC Acid{^l ',i H 2 ^ 04 ); prejiared as folh»ws :--Thc coutonts of an 
uiiojjinied Wincliostei- quart bottle of juire sulphuric, acid are well mixed ; 
'djout 6 c-.c. arc then taken out with a dry pipette, tpuckly ilelivured into u 
dry weighing hottle, which is sloi)])ered and the exact weight taken. The 
acid is then carefully <lihited with cold water, made up to exactly 500 c.c. 
at the temperature (»f the lalK)rat()ry, and well mixed. 100 c.c. of the 
diluted acid are next measured with a pijicttc and delivered into a 16-oz. 
flask, contiiiuiug a weighed (piaiiLity of ]mre sodium carhmiate dissolved 
in a small (quantity of wuUt. 1*10 grms. of scxlium carbonate are taken for 
every 1 gnu. of acid. This weight of the nominally dry carbonate is placed 
in a tared ])latinum crucible, gently ignited over a sj)irit flame for ten 
niimiLes, cooled in the dcBic('Ator with a cov(‘r on the crucible, and the exact 
weight then taken. oAfter the acid has been nin into the sodium carbonate 
solution, the liquid is heated to boiling to exi)el most of tlie carbonic acidj 
then made nuitc cold, and the excess of Bodium carbonate determined by 
titration with dcciuormal acid, using methyl orange as iiidiciitor. In order 
that the end point of the titration jnay be sharply observed, the colour of 
the hquicLshould i>o compared witli that of an e<jnal volume of pure watei 
tinted witli the same quantity of methyl oran^ ami contiiined in an exactly 
bimilar flask. The following is an example of the calculation 


Weiglit of 6ul[iliuric acid ^itrate(l = J x 11-1110 

Grnifl. 

= 2-2222 

Weiglit of diy Na,,C0., taken 

N/10 acid, 13-38 c.c. = Na.,,C0313-38 x -0053 

= 2-4493 
^ -071(1 

Weight of dry NajCO. neutralized 

Equivalent weight ol HjSO, 

= 2-3783 

= 2-1980 

iStrength o/.ilcMi=j2-19804-2-2222x 100 

= 98-88% HjSO, 
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If this acid be weaker tlian 97 per cent., it is rejected ; if stronger, it is 
diluted to exactly 97 per cent, strength by adding to a weighed qiiaiitity, 
say 1 kilo., the requisite quantity of pure water, which may be measured 
from a delicate burette and well stirred into the acid. The reagent thus 
prepared is preserved for use in a capped ether bottle ; the stock i.s kept in 
the ‘Winchester,’ the sttpper of which, after wiping free from acid, is 
smeared with a little vaseline, and tied down. 

Beakers, tall form, 4 inches high by 2J inches in diameter. These fit into 
a nest of cotton-wool contained in a 40-oz. lipped beaker. 

A 10 c.c, burette, with glass tap. The orifice of the jq*-. is reduced by 
holding it in the Bunsen flame until, with the tap turned full on, 10 c.c. of 
the sulphuric acid take one minute, within a second or two, to flow out. 

A Centigrade IhervwtMter, graduaUsl in single degrees from 0° to 100°. 

In mafeing a test, the teinperatura of the air of the room is first of all 
ascertained, and the acid is then brought to the same temperature by 
warming the bottle by the hand or by cooling it in water. Exactly fiO grm.s. 
of the oil, having been weighed into the beaker, are stirred with the ther¬ 
mometer and brought to the same tenqierature as the acid, and the beaker 
is then placed in the cotton-wool nest. The burottc having been filled with 
the acid and covered with a glass cap, the beaker is brought under it, the 
tap is o])ened wide, and 10 c.c. of acid are allowed to run into the oil, all 
the time stirring the oil and the acid most thoroughly together. After the 
acid is all in, the stirring is continued until the mercury ceases to rise. 
The final temperature i.s read off, the initial tcnyiSrature is deducted, and 
the dilTereuce is the rise of J,emjjeraturc. 

When a number of samples are being tested, a thermometer is kept sus¬ 
pended near the burette to record the temperature of the air, and, if this 
alters, the initial tenqierature of the oils must be altered to corresjrond. 
Immediately after testing each oil the burette is refilled with acid and 
capped, aud the neck of the bottle is carefully wiped dry and capped. If 
these directions are follorved, very good results may, with practice, be obtained. 

This tost is most useful in comparing one samph of oil with 
another, as in controlling the quality of the deliveries of oil jnirchaaod 
to sample. As the results obtained are influenced not only by the 
strength of the acid used but also by the exact modus operandi, each 
observer must construct a table of results for himself, by testing 
several pure samples of each oil he requires to c.xaminc. Table 
LXXll. will serve to show, approximately, the results obtained 
with some well-known oils. 

f- 

In testing oils which evolve more heat than cottonseed oil, the chemical 
reaction becomes so violent that the liquid froths out of the beaker; 
therefore, the test cannot lie made unless the oil is diluted. For this pur 2 )ose 
olive oil issuiteblo; e<g. 20 grms. of linseed oil diluted with 30 grins, of olive 
oil give a moderate th^mal eflect. The olive oil must be tested separately 
to ascertain the rise of temperature obtained with it alone ; the thermal rise 
of the Ifiisoed oil is then calculated as shown by the following exanqile :— 

• 

Rise of tempeiature of the mixture, observed, 77’2' 

Effect due to 30 grms. of olive oil =?x 42"= 25'2° 

‘ Effect due to 20 gtais. of linseed oil, • 62’0° 

fiO^grms. of linseed oil would rise - x 130' 
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Table LXXII. 


Name of Oil. 

BIbj of Temperature with 

97% Sulphuric Acid. 

Degrees Centigrade. 

Animal (tallow) oil. 

35 -42° 

Olive oil,. 

40°-45' 

Neatsfoot oil, .... 

42 -49° 

At-achis oil,. 

40° 

Horse oil,. 

4r)°-55° 

Castor oil,. 

56°-(;G° 

Haj)e oil,. 

58°-64° 

Sosaine oil, ..... 

C;5°-65" 

Jtavison oil, ..... 

TO** and over 

Cotlonseeil oil, .... 

75°-85° 

PopjiyHoed oil, .... 

87°-89° 

Nigerseed oil, .... 

100“ 

Seal oil,. 

105° 

Menhaden oil, .... 

125“ 

Ijinseed oil,. 

128° A 45° 


Specific Temperatiire Reaction. —Thomson and Ballanlyne' have 
proposed to avoid the trendde involved in the preparation of an acid 
of known strenf;tli by a new inetliod of rea>rding results. Instead of 
stating the rise of tein]>erature in degrees, they express the result in 
terms of the rise of tcinjierature with water at 20° C., taken as 100. 

Exactly 50 e.c. (- .50 grins.) of water are delivered into the beaker from a 
pipette, brought to -20° G., and mixed with 10 e.c. of sulphuric acid also at 
20^ C. The acid is run into the water exactly in the same way and at the 
same rate ns into an oil, hut the experiment is not so easy, as in stirring the 
water and acid together in the ahaeiire of a lubricant one is very apt to 
crack the beaker, an<l the teni]reratuie with water does not remain for some 
time stationary at the maximum, as with oil, hut quickly begius to fall. 
Having, however, anncessfiilly maile the experiment, preferably in duplicate, 
the oil is tested in the same way and in the same beaker. The result with 
oil is then divided by tbe m'eau result with water, and the quotient, 
mvltiiilied by 100, is the ‘ TiiTiijit^aiure Reaction^ Table LXXIII., 

by Thomson and Ballantyne, shows the results they obtained by operating 
in this way with acids of three different strengths. 

Thomson and Ballantyne found, when testing the same sample of 
olive oil in two difToreiit lieakers, one 3 inches and the other 4 inches 
in height, but botii 2 iiicliqjj in diameter, thatT.lie temperature rose 
2 dogs, higher in the taller beaker; the same difforenee was Sbserved 
with water; tlierefore, iu whicliever beaker the experiments were 
made, tlie specific temperature reaction, calculated from the thermal 
effects with water and oil in tlie same beaker, were almost identical 
the figures being 93-5 and 93'8. 

^ Jo^, Soc. Cfiim, liid.t X. (1S91), p. 233.^ 
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Table LXXIII. 



H^SOi 96'4 per cent. 

JI 2 S 04 90*8 per cent. 

H 'SO 4 09‘0 per cent. 


« 

£ . 

4> 

£ . 


£ . 

Samplo. 



. 

o 


^ 5 S 


« i-Q 


« iiO 

.s£« 


”1? 

111 

“gw 



"iiS 




H 

H 


H 


H 

Water, . 

38-6 

100 

41-4 

100 

• 

4G'5 

..... 

100 

r 

36-5 

95 

39-4 

95 

44-8 

96 

Olive oil, . . 1 



390 

94 

43-8 

94 

\ 

340 

88 

381 

92 

44-2 

95 

R,a]>e oil, 

49-0 

127 



5H-0 

124 

Castor oil, 

340 

88 

37-0 

80 



Linseed oil, 

104-5 

270 


... 

125-2 

209 


The evolution of heat on inijtiiig oils with siilpliuric acid jji’ooccds 
from a variety of clieuiical reactions; c.g. saponification or hydrolysis 
of the glycerides, snljihonation of tlic fatty acids and glycerol, and, as 
the temperature rises, destructive oxidation ^conipanied by charring 
and evolution of sulphur dioxide. The evolution of heat depends 
largely upon the proportion and nature of the unsaturated fatty acids 
present, and bears a more or less definite rel.ation to the iodine value. 
This relation, however, according to Hclmcr and Mitchell, is quite 
difTercnt with different oils and fats, unlike the relation between the 
bromine thermal value and the iodine value, which i.s nearly tlu' smuc 
for most oils and fats. The following eornparative results obtained 
by Archbutt with rape oil, show that although the iodine value may 
be calculated very nearly from the Maumenc figure, the bromine 
thermal value is a more reliable basis for calculation, notwithstanding 


Taulk lx XIV. 


8atnp]eof ilapcOil, 

loiline VnUte 
b; Ilubl'B Process. 

Iodine Value 
calculated fn>tu 
the Bromine 

ludiue Value ^ 

caiculated from' 6 
tile HulphiJTie Aenl ^ 


Tlteriual Value. 
^x6-9Si. 

'j'heriual Value. 
ffxr07. 

a 

No. 1 

, 102-7 

102-7 

99-4 


103-3 

1030 

101-4 

,, 3 

103-1 

102-4 

101-9 

4 - 

105-7 

’ 104-8 

106-6 

0 5 

104-6 

• 105-4 

104-3 

6 ■ 

106-2 

105-9 

106-0 

» 7 

108-1 

108-0 

109-9 

8 

109-? 

1101 

1 

111-4 
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the fact that the multiplier in the latter ca.se is more than three times 
as largo as in the former. 


0.—OXIDATION AND GUMMIN& OP LVBEICATING OHS. 

* 

I. Fixed Oils. —No absolute (piautitativc method of determining 
the oxidizing properties of lubricating oils is known. Tlic behaviour 
of tlie dittcrcnt,fixod oils when exposed in tliin films to the air at the 
ordinary or a slightly elevated temperature, leads to their classification 
ill three divisions, viz. :—(1) drijimj mix, which by oxidation soon 
solidify to a varnish and therefore include the paint oils ; (2) so-called 
non-drying oilx,^ which remain fluid for long periods and comprise the 
best lubricating oils ; and (3) semi-dryimj oih, which form an inter¬ 
mediate class, drying but slowly, yet too oxidizablo to be well 
adajited for luliricating. llapc oil, however, which is the least 
oxidizablo of the semi-drying oils, is largely used as a lubricant by 
large consumcr.s, owing to its comjiaratively' low cost. 

In the examination of olive oil, lard oil, sperm oil, and other well- 
known lubricating oils belonging to the non-drying class, also fatt 
such as tallow, it is as a rule suBicieiit to prove the absence of adul 
tenants belonging to the drying and semi-drying classes by means ol 
the ordinary physical and chemical tots, paying special attention tc 
the iodine value, which is increased by the presence of the more 
easily oxidizablo oils. lint with rape oil the case is different 
(icnnine rape oils differ con.siderably in gumming properties, and t 
special oxid.ation test is not only mscful but practicable, as rape «oi 
is sufficiently oxidizable to give a decided result in a reasonable time 
The following simjilc comjiarative tot is usually made ;— 

(a) Watch-glasB Teat.—1 grni. of the sample of oil is weighed on a watch 
glass, the same weight of a .standard .samjde is weighed on another watch 
glass of the .same cui'\’atinx', and the two gl,asse.s arc placed side by side in i 
l>oiling-w.alcr oven, wliere lljey are left imdisturhed for a certain nundje 
of hours. A good practn‘,e is to phare tlie glasses containing the oils in Ur 
oven at, SJiy, .5 p.ni., anil take them out at 9 a.ni., t.e. after an interval o 
sixteen hours. The tonditiou of the oils is then examined when cold. 

Tested in this way, aud using 1 grm. of the substance, rape oil o 
the very best (juality does not dry, and docs not appear to ha.v 
thickeiiccf much when caused to flow by inclining the glass ; inferio 
samples will have crept up and formed dry spots on the sides of th' 
glass, and most rai)e oils will have thickened mor? or less considerably 
The result of this test, oons*idorcd in conjunction with the jlllysica 
and chemical data, is of considerable assistance in judging the gualit; 
of rape oil. 

^ Livache has shown {Jour Soc. Ohem, Ind., xiv. (1B95), p. 811) that all fixe 
oils, whetlier vegetable or animal, and even fets, if exposed to the air at 
sufficiently high temperature (120M60” C.), sooner or later ^ up, forming 
solid elaetic product simila^to tiiat obtained from the drying oils? 
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The same IcHt is Bometimos useful iu the examination of olive oil. 
In this case 0'5 grui. should ho used for the test, the other conditions 
remaining the same. Good olive oil will change very li*^tlc in sixteen 
hours ; inferior oil, dark green or greenish brown in colour, will thicken 
considerably. 

'Tlie object of using a weighed quantity of oil i.s merely to ensure 
uniform eonditious, e(jual weights of oil in gla8se,s of the same 
curvature exjwsing the same surface area; it is not worth while to 
attempt to get more out of the test by weighing the oi^ after exposure, 
as the changes iu weight due to oxidation are small lind erratic, some 
of the products of oxidation being volatile at 100” (!.; they are also 
affected by variable traces of moisture in the oils, and no satisfactory 
result is thus obtained. (See Liv.achc’.s test.) 

(/)) Film Test.—A leas simple, but for some purposes a bettor test 
than the above, is made by exposing the oil iu a film on a glass plate 
at a temperature of .')0° G. It is not easy to obtain continuous films, 
nor films of uniform thickness, and unless they are uniform the rc.sult8 
are not comparable. Tlio least trace of moisture on the surface of 
the glass, even the film of moist air eondensod on all apparently dry 
cold surfaces, causes some oils to draw up into irregidar patches and 
drops. This may be avoided by first )icatiu|^thc glass strongly and 
painting it with tlie oil while still hot. 

Pieces of plate glass, say .3 inches square .and inch thick, arc carefully 
cleaned, wiped dry, and weighed. Eaidi gl.a.ss is nuinbered, and itsapproxi- 
jiiate, weight is marked on a card. Thegl.ass,e8are first heated in an air-oven 
to 200” G. for ahimt half to one hour, then taken out and laid upon jiiecea 
ortxjrk. As soon as they have cooled down to alxrut 100“, the ujijier .snrface 
of each is thinly jiaiut^'d over, by meiuisof a clean taiiiel-hair brush, with the 
oil to be tested, and llie glas.sea are then left to liecoine quite cold. When 
cold they are placed again on the balance, and more oil is dropped upon the 
centre of eacli plate until exactly 01 gnn. has been made up. The plates 
a^e then laid, with tin; oiled Bides iipwauls, upon a levelled sheet of plate 
glass, m an oven furnished with a regulator by which the temperature 
can be maintained at the tenqieiature of 00“ C. The oil last iulded will 
gradually .spread over the surface of the gl;is.s. At intervals of a faw 
hours the pilates are removed from the oven, allowed to cool down to the 
temperature of the laboratory, and the condition of th8 oil te,stod by touching 
with the linger. * 

Even with the precautions above stated, the film will be ^bicker in 
some parts than others, and will not always dyy at a nnifqrm rate; 
but, by making duplicate tests, very fairly comparahlo results may bo 
obtahvad. As a result of several tets m»dc iu this way it hiui been 
found that refined cottonseed oil dries to a vaiiiish in from eighteen 
to tweoty-four hours, refined rape oil {cquircs about forty-eight hours 
to dry to the same extout, wiiilst olive oil docs not dry up in thirteen 
days. 

The following results by Holde* were obtoined by spreading ‘1; 

• ' Sic VnUmuckung der SehmiermUlel, p. 98. • 
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drop ’ of the oil on a glass plate measuring 5x10 centimetres and ex¬ 
posing to air at 50° G. for twenty-four hours. The film thus obtained 
would bo thiiuior than that formed in the above-described test, and 
might bo expected to dry more quickly. 


Taiji,k LXXV.— Effect of Exfosino komk IFixed Oils in thin 
Fii.ms to Air at 60° C. (Holde). 


Kina of Oil. 

* 

Consiatenoe after i 
24 Homs'ExpoBure. 

Kind of Oil. 

Cousistcnco after 

24 HourB’ Exposure. 

Sperm oil, 

Uiiohaijgcd. 

M ustard oil. . 
Earthnut oil, 

Sticky, to dry. 

Castor oil, 

Hone oil, 

HncliaiiKed, or 

SfHanit oil, , 

Dry. 

Olivo oil, 

C-ottonBecd 4>fl, 


BliKlitly thiekenml. 

Sunllower oil, 


Almond oil, . 

I’orcoptihly thlekeneil. 

l*oppy oil. 


Crude rape oil, 

Perceptlblv thickened, 

Kish oil,, 



to sticky. 

(.’jid-llver oil. 


KefineJ rape oil, . 
Whale nil, 

Sticky, to dry. 
Thicker, to sticky. 

'lYulu oil, 



(c) Livache’s Test. Increase of Weight by Oxidation.—Any 
attempt to measure the rate of oxidation of fixed oils by ascertaining 
the increase of weight at elevated temperatures is met by the difficulty 
that some of the prorlucts of oxidation arc volatile. Thus Kissling ’ 
found, by passing air through linseed oil heated to 100° C., that, 
of 0’87 per cent, of oxygon taken np daily, 0‘4G per cent, was carried 
away in the form of volatile acids of the methane scries, carbon 
dioxide, and other products. Experiments hy the same author bn 
oils exposed to the air at 100°-105° C. in clock glasses showed that 
the loss of woiglit hy volatiliwition frequently exceeded the gain of 
weight by oxidation. On the other hand, the gain of weight at the 
ordinary temperature is much too slow to be made the basis of a 
practical test. 

Livaclie, however, has shown that the rate of oxidation is greatly 
■iceoleratod hy mixing the oil with finely-divided copper, tin, or lead, 
the latter giving the best residts. 

The lead is prepared from solution of a lead salt by precipitation with 
sheet zinc, washing the precipitate well with water, alcuhol, and ether, 
and dry’ng*n vacuo. About I grm. of, the dry powder is spread out on a 
large taroA watch-glass, and an accurately weighed quantity, somewhat over 
0’6 grm. hut not exceeding 0'7 grm., of the oil is ijiottM over it from a 
pipette, taking care that the drops do not run into one another. The whole 
's then weighed and allowed'^to remain exposed to light aud air*kt the 
oruiuary temperature. 

« 

Drying oils tested in this manncp commence to gain weight rapidly, 
the maximum increase taking place in a few days, whilst the non- 
drying oils must he left for fully seven days before any useful result 

* Jmr, S 8 c, Chem. Jnd., xiv. (18B6), p. 479. 
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is obtained. Evidently, tbis test is niisuited for tbo systematic 
examination of lubricating oils, though it may be found useful in 
special cases. 

Livaclic obtained tlio following results:— 


Table LXXVI.— T.’oeeask of Weight of Oils by Oxidation. 


Kilul of Oil. 


Liii.secd oil, . 
Walnut uil, . 
Po])py!,ceil oil, 
Cottonseed oil, 
Beech nut oil, 
Colza oil. 

Rape oil, 
Sesame oil, 
Ar.acbis oil, . 
Olive oil, 


Percentage IncreaBC of Weight. 


Two Dnye. 


Seven Uaj's. 


Of F.atty Acids 
after S Xlonths. 


1 


14-3 

7-9 

fe-B 

r>-9 

4-3 

nil. 

o 

», 


)) 


i 



29 

2 -!) 

24 

1-8 

1-7 


11-11 

6-0 

3-7 

0-8 

2-G 

2-6 

0-9 

2-0 

1-3 

0-7 


(<f) Bishop’s Test.’—Bishop has modified Bivacho’s test by dissolv¬ 
ing manganese resiuate in the oil to be tested and using an inert 
absorbent, viz. ignited silica, iii.stead of spongy lead. 

Purified nianganesi; resinate i.s prejiared by dige.sting the connncrcial 
article in ether, filtering, distilling off the solvent, and ]«iwdering tlie dry 
rgsidue. Two jier cent, by weiglit of this is added to 5-10 gmis, of the oil 
previously weighed in a beaker, and the miitm-e is healed on tlic water-oven, 
with occasional agitation, until the resinate is dissolved (taking five to ten 
ininntes); it is tlien allowed to cool. 

1 gnu. of freshly ignited precipitated silica is next weighed in a flat- 
bottomed capsule of 6-5 cm. diameter, coiiUining a :’nall glass rod, and as 
nearly as possible 1-02 grm. of the mixture (1 grm. oil-|- 0-62 grin, resieiate) 
is distributed fi-om a fine piixitte in small drops all over the surface. The 
whole is llien weighed. The oil and silica are intimately mixed liy means 
of Uie glass rod, the mixture is spread out in a layer of utnforTn Uiiokness 
all over tlie holtcm of the dish, then exposed U)«air at 20“ to 30° C., and 
weiglied at intervals six hours. After each weighing, the content* of the' 
dish ajK stirred afresh. • 

In *his test, oxidation takes place most rapidly within a limited 
range of temperature, which is mat necessarily the same for each oil. 
Thus, between 17” and 28' U. linseed oil reached the maximum 
weight ill from twenty-fonr to thirtyTiours from the commencement; 

* Monit. Scient,, 1886, 286. 
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ifter that thej'c was a gradual loss of weight. Huiiijiaeed, poppyseed, 
valiiut and eottoiisood oils reached the lua.’tima in from twenty-four 
X) twouty-eiglit hours at 2'2°-28° C., whilst sesaiiu! oil at the same 
iemporaturo took from scvciity-two to ninety-Aix hours, Aruchis oil 
iioreasod G'7 per cent, hi weight in ninety-six hours at 14°-54T)° C.; 
mother sample gained only 4'8 per ceih| in 144 hours at 
17°-23’ C. Colza and olive oils gain weight'v’ery slowly ; although 
a, change is perceptible within twenty-four hours, the maxiinuin 
is not roacltcd hir many days or even weeks. Itxperimcnts, how¬ 
ever, showed tlmt the adulteration of olive oil with oils of more 
strongly marked drying ehaTuetcr caused the most marked effect in 
the first twenty-four hours. Sec Tables LXXVIl. and LXXVIII. 


Tadle LXXVIl. -Change op Weight (tbr cent.) by Oxidation 
OP Coi.ZA Oil { Hishoji ). 


inbcr tif 

Colza Oil CKrcnch). 

Sj). Or. 1) yU2 at 1.V' C. 

Colza Oil ^.Indian). 

Sp. Gr 0 9137 at 15' C. 

1 Expoaeil. 

i 

Telli]). 1!8‘ 20”. 

Temp. iKI'-ir)'’. 

I’emp. 28 -a)". 

Temp. 20M6“, 

1 

() 1 

- (r20 

-OTO 

-0-20 

-0-10 

22 I 

-I-2-25 

-1-0-30 

-Hl-lO 

iO-O 

24 ' 

3-2U 

ono 

1-90 

-I-0-20 

:i0 I 

4-00 

1-80 

2-90 

0-90 

48 

4-90 

4-20 

3-80 

3-40 

72 

5'50 

... 

4-50 

a’to 

96 

5-80 

6-60 

5-00 

192 


5-80 


5-10 

288 

6-40 


f)-80 

5-90 

432 


j 6-40 

... 


This test deserves further investigation in connection with lubricating 

(a Oxygen Absorption Test.—Angus .Smith' in 1870 used 
the following test in examining some samples of rajio oil intended 
for lubrici^tiug :—A measured quaut'ty of the oil, from 3—5 o.o., 
was confined over meninry in a graduated tube filled with oxygen. 
Absorption took place slowly but steadily duriijg twenty-two days, 
when the experiment was stopped and the total volume of gas rqad off. 


100 e.e. of oil No. 1 absorbed 37-8 c.c. 

„ „ No. 2 „ ^7-8 C.C. 

„ No. 3 „ 25'.') c.c. 


Ratio. 

148 

187 

100 


' Private report. 
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Table LXXVifl. —Change of Weight (peb cent.) by Oxidation or 
Pure and Mixed Olive Oil {ISishop). 


Number of 
Houre ExpoeeU. 

Olive Oil. ftp. Gr. 0*9155 at 16* C. 

^_^Purc. 

•\-20X, AmcliU Oil. 

+20% Cottonseed Oil. 

Temp. I4“-34*5". 

Temp. 14*-34*6*. 

4-1-76 

3- 00 

4- 00 

4- 75 

5- 65 

Temp. 14'-34'5‘’. 

24 

48 

72 

144 

384 

-I-0-80 

2'40 

3- 40 

4- 70 

5- 30 

t 

-I-3-26 

4-26 

4-80 

5'60 

6-05 


Temp. 17’-23“. 

Temp. 17''-2r, 

Temp. 17 -23". 

24 

-0-30 

- 0'3(> 

-0-30 

48 

-0-20 

-0-20 

-t-0'50 

72 

+0-90 

+ 1-70 

2-90 

144 

2-20 

.310 

3-80 

264 

2-30 

3-5U(r 

3-90 


A summary of Bi.shop’s results is given in the following table;— 
I’aiile LXXIX. 


Description of Oil. 

Specific 

Gravity. 

Increase of 
Weight Per Cent. 

Mean 

Values. 

Linseed oil (French), 

0-9327 

17-70-16-40 

17-05 

„ (La Plata), . 

0-9304 

15-45-16-00 

15-20 

ricinpseed oil, 

PoppyBeed oil (French),. 

0-9287 

14-55-14-30 

14-40 

0-924 

14-50-13-90 

14-20 

Walnut oil, .... 


13-7‘> 

13-70 

Cottonseed oil, 

0-924 

8-60 

8-60 

„ (chilled),. 

0-923 

9-69 9-30 

9-45 

Sesanni oil (Senegal), 

0-9215 

8-95- 8-60 

8-ft) 

„ (Indian), 

0-921 

7-40 

7-40 

\raohis oil (African), . 

0-916 

6-70 

, 6-70 

„ (white), 

0-916 

6-60 

6-60 

Colza oil (French), 

0-9142 

0*40? 

6-40? 

„ (Indian), .* . 

0-9137 

6-90- 6-80? 

6-85? 

OhviPoil, .... 

0-9166 « 

5-30 ? 

5.30 ? 


The volumes of oxygon absorbed in the first forty-eight hours were 
ipproximatoly in the same ratio. Angus Smith considered that the' 
ubricating value of those siwnples would be in the inverse order of. 
iheir oxygen-absorbing power. 
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Fox' has described the followitig method : Ahoiit*! grm. of the oil 
is sealed u}) with 0'5 grm. of precipitated lead in a glass tnho having 
a capacity of j,bout WO o.o. The whole is then heated in an oil-bath 
for several honrs at 10.’)° C., when tlio amount of o.\ygcn absorbed is 
determined by noting tlio decrease in volume of gas in the tube. The 
following results were thus obtained :— » 


Kind of Uil. 

c.c. ofoxyRen abeorlieil by 

1 grin, of oil. 

Linseed oil,. 

126 to 191 

Cottonseed oil. 

24-6 

Kane oil (brown),. 

20-0 

Coizji oil,.. . 

17-6 

Olive oil,. 

8‘2-8-7 


Bach," following Freseuius, used a similar method, omitting the 
lead. A known qiuintity of oil was heated for ten hours with oxygon 
in a sealed tube of lOO-WS o.c. eapicity in an air-bath at 110° C. 
The point of the tube was then broken under water and the absorbed 
oxygen calculated from the volume of water drawn in. The results 
given in Table LXX.X. were thus obtained. 


Tabuk LXXX. 


Kind of Oil. 

C.C. of oxygen ab«orl>ed by 

1 grin, of oil. 

Rftpe oil, .. 

166 

Olive oil,. 

144 

Cottonseed oil. 

111 

Rosin oil,. 

Rosin oil, redistilled, so-eallod ‘eod oil’ 
(Lewkowitacli),. 

181 

96-3 

Mineral lubricatingrfjil (AGS), 

4-8 

„ » (-877), . . . 

•7 

Russian mineral oil,.. 

■74 

C^iuder aud valve oils, .... 

■10--45 


ilold)^” *desoribe8 the following method. From 1-1'5 grm. of 
freshly-ignited pumice'stone, in grains about the size of mustard-seed, 
is placed in a glass tube 30-40 cm. long and 205l0 ram. in diameter, 
sealed at one end, and from 5-3-0'5 grm. of the oil is slowly dropped 
on M the pumice from a tarod beaker; the exact weight added is 
ascertained by weighing the bcake% afterwards. The open end of the 

^ A'tuilyxt'f viii. (1883), p* 116. 

^ Jour. Soc. Chem hui.j viii. (1809), p. 990. 

'** Die U-jniterawshwig dcr SeimicnmUel ^ pp. 96 anti 100. 
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;ube Imvitig been drawn out. and allowed to become cold, the air is 
lisplaccd by oxygen and the tube is (jnickly sealed with a fino blow¬ 
pipe flame. After boating in a water-bath for several honrs, the end 
)f the tube is broken •otf under water, and the volnme of oxygen 
absorbed is measured. The most suitable temj)craturc and time of 
mating depend upon the kind of oil cx])crimented upon. Throe 
lours’ heating in a boirfng-water bath were given in the experiments 
,he results of which arc recorded in the following table;— 


TAiitE LXXXI. 


Description of Oil. 


Cottonseed oil, . . . . 

Brown rape oil, . . . . 

Olivo oil, . . . . . 

Mixture of bone oil and refined 

rape oil,. 

Mixture of bone oil and refined 
rape, oil, . . . ' . 

Sperm oil, . . . . . 

Sperm oil,. 


c.c. of oxygen, reduced to 20° C., and 700 nim., 
HliBorlted by 1 grin, of oil. 



Single 

Valnes. 


Mean 

Values. 

68-7 




C8-7 

4r,-5 ; 

49-7 



47-6 

33-3; 

34-H 



33-7 

.32-1 ; 

do 

^•0; 

28-0 

30'3 

(29-9) 

; 24-7 

; 22-0 

; 22-2 

23-0 

24-5; 

23-9 ; 

25-3 ; 

24-4 

1 24-8 

18-3; 

lC-6; 

14-2 


lG-4 


II. Mineral Oils.—Althougb, as is shown by llacb’s experiments,' 
nineral lubricating oils are able to absorb small quantities of oxygen 
rhen boated with it, the amount of oxidation which occurs under 
irdinary conditions with good mineral oils is practically nil. The 
hickening or ‘ gumming ’ of such oils, when it does occur, is due 
hiifly to the evaporation of the more volatile hydrocarbons and the 
onoentration of asphaltic, resinous, or tarry matters in the residue, 
humming is most marked in the taisc of the dark ("esiduiim-containing 
lils used for railway and rough work; the refinei], pale and charcoal- 
iltorcd oils, from which the resinous and asphaltic con-stituents kivo 
)een removed, undergo scarcely any change except a thickening due 
o evaporation when heated. Useful information may, nqyerthcless, 
)e obtained, when comparing one mineral oil with another, by hcat- 
tig 1 grm. in a shallow dish in a water-oven foV scvoriil days. Some 
nineral oils deposit carbon and become thick and sticky when thus 
esteejr 

The residts of e.\perinicnts by Holdc,- who has paid considerable 
ittention to this subject, are q,>ntained in Tables LXXXII. (A), 
jXXXlll. (B), and LXXXIV. (C), which show the behaviour of some 

* See also Ostrejko, Jmcr. Sve,~Chevt, Ind., xv. (1898), pp. 26, 315, and 645, 

‘ Vie Uniersuchung der SchmiemiUel, pp. 88-99. ^ * 
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mineral luliricating oils tested by him when exposed to tlie air in thir 
and thick layers at temperatures of 60° and 100“ C. 

In Table A (p. 274) the behaviour of pale refined oils is compared 
with that of dark ‘reduced’ oils, and the greater tendency of the lattei 
to thicken and form sticky or ‘gummy’ residues will be observed. 

The results in 'rablo B (p. 278) are intended to show thcbehavioin 
of very asphaltic Hiinigsen petroleum in ife ernde state and als( 
after the extraction of part of the tarry matter by petroleun 
spirit and alcohol-ether. 

In Table C 270) quantitative results are given, showing th( 
amount of evaporation resulting from the exposure of mineral oils t( 
100° C. for several months in thicker layers (0'21-0’24 grm. of oil witl 
a surface of about 75 sq. cm.). The pale, very fluid, and noii-resinoui 
‘ paraffin oil,’ No. 5, from the lowest lubricating oil fractions, gradually 
evaporated in the course of fifteen mouths, without leaving a trace o 
resin behind; the more viscous, brownish-yellow ‘ motor ’ oil left i 
small solid residue, consisting jmrtly of resin originally contained ii 
the oil and partly (as the dark colour of the residue and its insolubiliti 
in petroleum spirit proved) of oxidised hydrocarbons formed during 
the heating. 'The very viscous oil No. 7, consisting of a distillate o 
very high boiling-point, evaporated and dried very little; tlie sami 
oil, partly deresinified by treatment with alcohol, dried still less 
The oils which dried most were the residuum-containing oils Nos. 11< 
4, of which again those purified with alcohol-ether dried less than thi 
untreated oils. The Russian oil No. 1 contained, as the viscosit; 
shows, lower boiling hydrocarbons than No. 7, and therefore, althougl 
it rosinified more quickly than the latter oil, the residue wa 
essentially more fluid. All the resinous residues left by heatinj 
mineral oils are incompletely soluble in petroleum ether, even thougl 
the original unheated oils (as Nos. 6-8) may have been complotel; 
soluble; these residues are, however, easily soluble in benzene. 

Holde summarizes the results of his experiments as follows:— 
When exposed to the air in thin films (1 drop of oil on a 5 x 10 cm 
glass plate) the pale and dark-eoloured distilled mineral oils do no 
resiiiify after several months’ exposure, either at the ordinar 
temperature or when heated to 50° or 100° C. Bark residuum 
co.riainiiig oils by long exposure at ordinary temperatures resinify ver 
little, but at 60°-100° C. a marked thickening, and, with very tarr 
oils, even complete resinificatiou, occurs, whilst the greater proportioi 
of the fluid hydrocarbons evaporate, and the remainder oxidizt 
adding to the tarry and asphaltic contents of the residue. 

In thicker layers (0'20-0;55 grm., exposing a surface area...of 7' 
wj. cm.), the pale-coloured, non-resinous distillates do not resinif; 
even at 100° C., but the dark-coloured distillates, containing 1-3 pe 
cent of resin, leave partly resinous residues. Dark residufin 
containing oils, similarly treated, yield sticky or solid products, eve: 
after the first few months, and after fifteen montlis the residues ai 
quite hard and pitchy.,, 


> 18 
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1 ) 

Taule LXXXII. (A).— Ouanoes unuerhone »y Mineral 

(‘ I drop ’ of Oil spread 


Dcscriiitum. 

Colour. 

I'Slsii: 

MS'S Isis's 

a -'■'S 

SpedDc Gravity 
at 20' C. 

/ 

Kloshlng-point 

?a?ensky 
Closed Cup. 
Os Open Cup. 

I’ALK OILS; TKANSI'AllENT IN 1& SJM. TUBE. 




So-called ‘ paraflin oil,’ 

Colourless 

5» 

0-800 

168* P 

American‘motor'oil, 

Reddish brown, 
rtuoresceiit 

11-3 



Uusaiait heavy mai-hmc oil, 

Keddisli-brown 

3Vti 

O-0()4 

138“ r 

Heavy machine oil, 

Light coloured 

flC-4 at 15“ C. 

0-899 

ooo’r 

„ . . . 


38-9 ^ 

0-003 

190'? 

„ . . . 

■■ 

35*(l 

0-903 

196“ P 



42-9 

0-905 

187“ P 

Kussian heavy machine oil,. 

lte<idi8h-browu 

C-2 at 50'C. 

0-904 

186“ P 

Dark Oils ; ORAyuK in C mm. tiiuk. 




Itussian axle oil, 


45-6 

0-900 

176“ 0 

Axle oil, . , 


400 

0-906 

173* u' 

M • * ' 


37-0 ^ 

n-907 

164*0 

O 

c 


37-0 

0-908 

170* O' 

Lubricating oil, ■ ' • 

•• 

30-0 

0-935 

103* P 
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Ldwhcatino, Oils when heated in thin LiAtkm { Holie ). 
on a 5 X 10 cm. GIa.sR .Plate.) 


Condition uf Oil Film aft>cr heating to 


90 Houts, 


juImoBt com* 
pletely evaji- 
orated; vcai* 
due oily, 
[very much 
evaporated, 
perceptibly 
tbickoncd. 
unchanged. 


much evap' 
orated, other¬ 
wise Ull 
changed, 
unchanged. 


unchanged 


unchanged. 


!much evap¬ 
orated, but 
residue oily 
and un¬ 
changed. 


wrj'^ jnuch 

« 

rei 7 niiich 
thickened to 
very allglitly 
itlolcy. 

iven much 

[ thickened. 

■ much 
tmoke&ed. 


fiery mnen 
^tcAeiaed. 


140 Tfours, j^lOO Hours. 


{mere trace of | 
oily residue. 


jail but traces 
evaporated; 
residue oily. 


unchanged. |niuch evap- 
. orated; resi¬ 
due oily. 


[greater part 
evaporated; 
residue oily. 

Imuch evap¬ 
orated ; resi¬ 
due oily. 

imuch evap¬ 
orated ; resi¬ 
due oily. 


B heforo. 


[the greater 
I>art evap¬ 
orated ; resi¬ 
due oily. 


much thick- 
er. slightly 
sticky., 

a before. 


[partly evap¬ 
orated ; reai- 
<lnc oily. 

[all but tracoB I 
evaporated; | 
residue oily, i 


[much evap¬ 
orated, con¬ 
siderably 
thickened, 
alittlethickerj 


[Uio greater 
part evap¬ 
orated ; resi 
due oily. 
jUie greater 
I>aTt evap¬ 
orated ; resi¬ 
due oily. 

|tho greater 
part ev-ap. 
orated; resi¬ 
due oily. 


[largely eya|*- 
uratvd.m'iieh 
thicker, 
much thick¬ 
er, slightly 
sticky. 

06 before, 
as before. 


much evap¬ 
orated ; a 
little thicker, 


imuch ovup- 
orated, very 
thick. 

[mostly evap- 
' orated:other- 
wisous before. 

much evap¬ 
orated ; oily. 

nostly evaiv 
orated; resi¬ 
due oily. 

'much evaji- 
orated ;thl«k 
to sticky. 


4 

100* C. 


35 Hours. 

70 Hours. 

120 Hours. 

sooHoun. 

all but traces 
evaporated. 

completely 

evaporated. 



greater part 
eva})orati’d 
residue oily. 

as before. 

mere trace of 
oily residue. 


greater part 
eva{iorated 
residue oily 

all but trace 
of oily resi¬ 
due o' ap- 
orated. 



greater part 
evaporatwl 

as before. 

all but oily 
traces evap- 


resklue oily. 


orated. 



greater part 
evaporated; 




residue oily. 



greater part 
evaiiorated; 
residue oily. 

all but traces 
of oily resi¬ 
due evai)- 
orated. 



barely (Inid, 
very slightly 

as before. 

stilllcBsfluid. 

sticky. 

sticky. 




almost dry; 
oily when 
warm. 

• 


very miudi 

barely fluid 

as beto{^ 

as before. 

to slightly 
sticky. 


evaporated, 
otherwise 
as before. 

sticky, barely 
fluid. 

barely fluid, 
very slightly 
sticky. 

as before. 

(175 houn) 
much evapi. 
orated, m 
aimottsdid 

even w1u& 
wana.’. 
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Tadi.e LXXXIV. (C).--®EsiNiFicAWoif <iK Mineral 


Number. 

1 . 

2 , 

3. 

Description. 

Knssian, brown- 
black, opatine, 
railway oxle oil. 

No. 1, dcresiniflcfl 
with alcohol-ether 
(4:3); clearer. 

Oclhelmcr, brown* 
black, opaque, ' 
uxk oil. 

Bclativo ettlux time at 

20 ° C. (Englcr). 

Water^l. 

4&'5 

i 

29*6 at 40* ' 

Flashing-point. 



17B" 

U. (open) 

j 

lor U. (Prftftfcj/) 

Weight taken (grm.). 


0'2100 

1 

0*2103 1 

0*2262 


Months. 

Total 
boss of 
Weiglit 
(grm.). 

('onsistanuo 

atid 

Appearance. 

T(»tal 
I/oas of 
Weiplt 
fgnu.). 1 

Consistence 

and 

Apiioarancc. 

Total 
Loss of 
Weight 
(srm). 

Consistence 

and 

A|)]>earanoe. 



* 

0*0420 

flnid 

0-M4. 

lluid 

0*0304 

viscous 



• 

0-0541 

viscid, 
to slightly 
sticky 


fluid 

0*0354 




0*0528 

part soUd 




0-0030 

viscid, 
to slightly 
sticky 

0-0610 

decidedly 

viscous 



' Area of exposed surface 
About tit sq. ciu. 

•Time of heating, 7- 8 liotirs 
at lOO" C. every day 
except Sundays. 




part solid 


2 

ootm 


0-0734 

viscous 

0*0428 

almost all 
solid 


■A 

0-0740 

very viscous; 
decidedly 
sticky 

0*0808 


0-0430 

almost 

■ jr- 


5 

0*0787 


0*0808 

part sticky, 
part greasy 

0*0444 

almoei all 
solid 

- o. « 

«■ 


OJ 

0*0773 

greater pai-t 
waxy, rest 
greasy 

0*0876 

part sticky, 
port greasy 

0*0470 

entirely.. . 
solid utd 
reiiDoal *4 

- '-'I 

^ 


0-0726 

soft wax 

0*0832 

thick Jelly 

0*0334 

entire^ 
solid attd-'*^ 
resInoBs ^ 

_ 
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Oils ik thick Layers at 100° C. (Hohle). 


i. 


5. i 


0 . i 

i 

1. 1 

8 . 

Ho. 8, (leresiniticd l)y 
alooliol-utlior (4:8). 

llussian 

, oolourlcfw, 

Amoriean hrowio 

f 1 

Jlnssian reihbrown ' 

No. 7, defeBinUledK > 
by 70 per oeatr * 

clear, transparent. 

yellow, fluorescent, 

dlKtillatu. made ; 

‘ paraffin oil.' 

motor oil. 

In laboratory. ! 

alcohol. 


1 

1 





1 


_ 


.. 


r.-9 

H*fi 

1 

106'9 i 




15^ {'.{Vemkii) 

103' C. </VMifl://) 


1 




0-2208 

0 2'^2 

u-243«» 

o-2i:o ! 

0-2148 

Total 
; Loss of 
Weight 
(gnn.). 

CoiiBlatetice 

aiul 

App»'rtraiico. 

Total 
Loss of 
Weight 
(irrm). 

('onsistchcc 

and 

Api>earancc. 

'J'otal 
Loss of 
Weight 
(grm.). 

Consistence 

and 

Appoarunce. 

Total ' 
boss of 
Weight: 
(grm.). 

Consistence 

and 

Aiipcurnnce. 

Total 
Loss of 
Weight 
(Brm.), 

Cuiiifstenee 

and 

Appeanmee., 

o-ooso 

visoid 

U'OSbS 

od), fluid 

0-U124 

oily 

■■ 

oily 


oily ■ 

0-009C 

partly stifky 

<1-1170 

oily 

(1*0203 






0-0121 

liiu'tly Htifky 

()-lH02 


0*0458 


0‘0(y24 

oily 

0*0026 


O'OISO 

partly atlcky 

0-1522 

oily 

0*0774 


0*0100 


0*0078 


1 

uartly a 
tmck Jelly 

0-1022 


0*0052 


U*0173 

oily 

0-0108 


d'Olis 

* 

0*1727 

n'ly, 

0*1114 

oily 




•» '•t 

■' • i 



durkliicd 111 







* 

ti'' 



colopr 



• 













-r* 

H - 

part 

» the rest 

0-184(1 

1 traces of oily 

1 reHldue 

0*1304 

greater part 
wiuy, rest 

0 U315 

visenns oil 

0-0*204 

thick idtei* 
partly 

? >' . 

• greaay 




greasy 

1 



. 1. 










-' c- 


all solid and 

0*1876 

1 traces of oily 

015:13 

solid, bmwn 

00330 

thick jelly. 

0*0272 

viicottr/s*'' 

partlyJKRlft' 

resinous, hut 


1 residue 




but part 


j i-i 

softer than 3 






solid 











*' 2. • 
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Table LXXXIII (U).—Behavioub of Ckubf. Haniusen (Hanoverian 
Petholedm heated to 50“ C. (Holde). 

(‘ 1 droji’ of 0jl'8j>read on a 5x 10 c.m. Glase Plate.) 


Previous 

Con.siBtemy 

Nunihor (if Hours licaled to SUM!. 

Treatment. 

at 

21 

42 

70 

SUO 

Ifooe 

ordinary 

tomporaturc 

very sticky 

sticky, solifl 

A. 



4(r-50" 

oily 

very sticky 



Partly freeil 
from asphalt by 

ordinary 

temperature 

very sticky 

very sticky 

hticky, solid 


petroleum spirit 
(‘ benaiuc ’) 

40'’-5y* 

oily 

sticky, seui-ccly 
oily 

sticky, sfdid 


PuriBed from ! ordinary 
asphalt by ben- [ temperature 
ziue. and from . 

moderately 

sticky 

sticky 

solid and 
sticky 

solid and 
sticky 

pitch by ether- | 
alcohol 1 

40'-50’ 

oily 

viscid ^ 

viscid 

vi.scid 


r.-SPOKTANEOUS IGNITION OF OILY MATEEIALS. 

It is well known that oily rags, oily cotton waste, and simila) 
pjaterials arc liable to heat and take fire spontanooiisly, and tliat 
numerous fires have originated in this way; a brief discussion of 
this subject is, therefore, of importance to all nsens of lidiricants. 

The oxidation of oils is a process in which heat is always evolved, 
but, under ordinary circumstances, the temperature of the oil is not 
sensibly raised, beoau.se the heat, which is evo’ved slowly, is con¬ 
ducted away as fast as it is liberated. When the.rapidity of o.vida- 
tion is increased by blowing air through a large mass of oil, as in the 
manufacture of thickened oils, the tempenitnre rises considerably. 
Conditions most favourable for the generation of heat by oxidation 
present themselves when a fibrous substance likp cotton is saturated 
with oil and thrown tetgether in a heap, especially in a warm place. 
Under J.hese conditions the oil, spread ontjn thin films on the cotton 
§bres, presents a largo surface for oxidation, and the heat being pre¬ 
vented from escaping, owing, chiefly, to the absence of convection 
currents, raises the temperature ot- the mass and thereby promotes 
more .vigorous oxidation, which leads to a further and more rapid 
developfnont of heat, until finally the temperature of ignition of the 
glass may be reached and it'lmrsts into flame. ^ ' 




CHEMICAL PROPEETIIS AND METHODS OF EXAMINATION. .279 


The Bubjeet has been experimentally investigated by Gellatly, 
Goloiiiau, Yoimg, and many otbera, by saturating balls of waste fibre 
with variouf oils, placing them in a chamber heated to 212° F. or 
some lower temperature, and noting the time taken by the mass to 
inflame. The rcanlts obtained have shown that the drying oils, such 
as linseed, and os{)eeially boiled linseed oil, cause ignition most 
readily, and the non-drying oils least reatlily, but all drying and 
semi-drying oiis, and even sucli non-drying oils as olive and lard oil, 
are capable of ^causing ignition sooner or later under the conditions 
named. Mackey has shown by experiments with olive and eotton- 
.seed oils' that free, fatty acids prei)arcd from these oils are more 
liable to develop luxit and eventually to fire when spread on cotton 
than the neutral oils themselves,- a fact which he considers of im¬ 
portance in relation to fire risks in woollen mills, as rceoviired cloth- 
oils and distilled oleines consist largely of free fatty acids. Tn the 
experiments recorded in Table LM.KXV. (p. 282) it will be noticcfl, 
however, that commercial “oleine’’and “!17 per cent, oleine” heated 
no more than nentml olive oil.^ According to Kisslirg,^ the generation 
of heat is iiifliuniced to a considerable extent by the nature of the 
fibrous material, being mo.st rapid with silk, and less, in order, with 
animal wool, cotton wesfl, jute, and hemp. 

In practice, tlm risk of fire arising from spontaneous ignition of 
oily material is greater the more readily oxidiiiable tlic oil, and there¬ 
fore, generally, the higher the iodine value of the oil and the greater 
the evolution of lieat in Maumenes thonnal te.st. Mineral oils, 
wliicli are practically incapable of oxidation, do not heat at all, and 
not only ai'e they, thcriifore, free from the danger of spontaneous 
ignition, but wlien mixed with fatty oils in sufficient proportion, 
wliicih varies according to the nature of the fatty nil, they prevent 
the risk of fire arising from the spontaneous ignition of tin; mixture, 
(liven a sufficiently high flashing-point, not below F. 

(17r-177” (1.), the more mineral oil there is in a mixed lubricant the 
safer the oil as rcgaids the liability to eanso a fire ; nevertheless, the 
fire insurance conmanics consider the fire-risk in textile and woollen 
mills greater the higher the percentage of ‘ unsapnuifiable matter ’ ® in 
the oil used. Tliit. is chiefly owing to the fact that when a fire has 
oribe broken out, miucrai oils, which, as a nde, flash at a lower tom- 

' Jour. Soe. Chem , Iwl., xiii. (1894), ii. 1164. 

“ The differonoe has to*io with the cnemical action of the fatty acids on the 
cotton, as it wa-s not observed when an inorganic n^terial like slag wool w'as 
substituted for the cotton. 

* Compare Richardson and Jaifd, /otrr. Sue, Cfiem . Ind., 1905, p. 534.'* 

• * Jour. Sm. Chem . Iml ., xiv. (189.5), p. 479. 

' Both Mackey and Lowkowitsch have jiointcd out the fallacy of assuming 
the ‘ unsaponifiable matter’ to consist, necessarily, of mineral oil, since in 
recovered wool grease, for example, it may bo composed entirely of cholesterols, 
and should therefore be examined as desDribed in Chap. VII.,p. 228. Indistillcd 
w'ool grease, however, hydrocarbons occur, which, though not ' mineral oil,’ are 
undistinguishable from it, *nd, as regards fire-risk, may lie regarded as identical. 
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perature than the vegetable oils, arc more likely to assist in spreading 
the firo in pro{M)rtion to the difference oi flashing-point {Mackeij). 

Both in the ITnitcd States and in this country apparatus has been 
devised specially for the purpose of determining the relative liability 
of oils to cause spontaneous combustion. 

Allbright and Clark’s ApBaratns,* generally known ns Ord way’s, consists of 
a double diainber, formed by two tubes placed one inside the other. The 
outer ttibo is of wrought iron, 6 inches in diameter, and is closed at each end 
by discs of wood. The inner tul>e is of sheet iron, 4 inchej in diameter, and 

6 inches sliorter than the outer tube, and is fitted with overlapping metal 
covers at each end, wliich support it centrally within the outer tubcjloaving 
an annular air-space of 1 inch between the two tubes and a space of 3 inches 
at each end. The apparatus, suitably supported, is heated by a Bunsen 
burner, and tliree thermometers, which arc inserted into the inner tube 
through the outer, allow the temperature to be read off. 

50 grins, of tlic oil to be tested are distributed as evenly as possible over 
60 grms. of cotton waste, which is then rarefullv pushed into one end of the 
inner tube, and a second similar ball of un-oiled waste is inserted into the 
other end. One thermometer is jilaced with its bulb in the ball of oiled 
waste, one in the ball of iin-oiled waste, and the tliinl midway between the 
two. The outer tube is then heated so that the thermometer in the un-oiled 
waste indicates 10fl°-lor C., not higher, the fnainteuance of this tempera¬ 
ture being controlled by means of the middle thermometer, which should 
be kept at about 12.'j“ C. Sixmtaueous heating of the oiled WASfe is 
indicated by tlu; temperature of the maas rising sRrovu that of the un-oiled 
waste, and the difference of teninerature will be greater and tlie rise more 
rapid tlie more dangerous the oil. 

Richarfls states that this appar.atu8 has been of the greatest u.so in 
determining the cause of fires and in estimating the relative safety of 
oils for msc in to.vtilc mills. Among other results it has been found 
that the proportions of noatsfoot and best lard oils wliicli can safely 
be mixed with mineral oil amounta to from 50 to CO per cent,, whilst 
not more than 25 per cent, of cottonseed oil can be safely added. 
That is to say, cotton waste oiled with a mixture of 50 per cent, lard 
oil' and 50 per cent, mineral oil would not be liable to ignite 
spontaneously, but if the lard oil were adulterated with eottonsced 
oil, ignition might occur. In either case, a good deal would depend 
upon the size of the heap of waste and the limperaturo of the 
surrounding air. 

, Mackey’s ‘Cloth-Oil Tester’ (fig. 7.3)* consists of a cylindriml copper 
water-batli tinned on the inside, measuring externally 8 inches higli x 6 
inches in diameter, and internally 7 inches highV 4 inches in diameter, 
provided with a lid having a short central tube 1) for a thermometer and 
two loiTger.tuhes A and B for promoting the dirculation of air. A cylinder 
fif-24-meeh wire gauze 0, 6 inches loiigxlj inches in diameter, contains 
the oiled wool. • 

14 grms. of thd oil to be tested are weighed into a shallow dish containing 

7 gnus, of pure cotton wool, and after tliorougldy incorporating the oil by 

‘ Richards, Jour. Sor, Cliem, xi. (1892), p 547. 

“ i/oiir. 'Soc, Chciii, 0896), p. 940; ard xv. (1896), p. 90. 
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h.iTid witli tlie well teased wool, wliich cannot be too carefully done, as the 
Bucoesa of tke experiment areatly depends ujicu tlie even ilistrilnition of 
the oil, tlie thermometer is held upright in the middle of the gauze cylinder 
and the oiled wool is carefully and uniformly packed around it. Having 
raised the water in the outer jacket to active ebullition, the cylinder and 
thermometer are placed in the iimer chamber, the lid is carefully slipped 
down over the tliennonieter stem, and Uie latter is fixed in jiosition by 
tightening up the sm'ow-clanip D. Tlie position fif the thermometer should 
he such that the red mark on the stem is just visible above 1). The water 
in the jacket is kept steadily boiling, care being taken that steam is neither 
drawn down the iibe B nor warms the tnlic A, and the temperature of the 
wool is read off at intervals. 



i^It iitaally takes abeut one hour for the oilod wool to reach the 
temperature of the bath (100° C. = 212°F.), and safe oils, like pure ' 
olive oil, will not rise much higher; but dangerous oils will cofftiiiue 
tp heat,-and very dangerous oils, such as cottonseed, will rise to 200° 
Of (392° F.) within one hour and a half. Generally, the temperature 
'after a certain point is reached coramencos to rise very rapidly, and 
when this is the case the thermometer must be withdrawn after 
reaching, say, 260” C., qtherwise it may be damaged. Mackey statea.. 
that any oil which, when tested in this way, reaches 200° C. in two 
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houra, may be regarded as too daiigoroiis for use in mills. The worst 
class of oil, from a fire insurance point of view, will heat more rapidly 
than this. 

Everyone using the apparatus for the first time should experiment 
with pure olive and cottonseed oils, comparing his results with those 
in the following table by Mackey, until ho has found how to prepare 
and pack tlio mixture <f, wool and oil so as to obtain similar results:— 


Taduk LXXXV. 






Temperature in 





No 

Oil iisod. 








Ihr. 

1 hr. 15 m. 

1 hr,3Uin. 

2 hrs. 








"0. -“’F. 

'(!. = " F 

■0, "F. 

'’U. = "K. 

H. M. 

i 

CottonHecd, . 


12f»-2r.7 

242- 4<i8 



242- 40S 


1.5 

2 



V2l^ 2.'>(l 

242=468 

282=640 


284 ^ 543 


35 

3 



128=262 

212 4U 

225--437 


22.5-- 437 


30 

4 



124=265 

210=410 



218- 478 


35 

6 



116-241 

102= 378 

200 = 392 


2(X1 = 392 

1 

30 

0 



118-244 

191 = 370 

302 = 3J«5 


202 = 890 


30 

7 



117=243 

190=374 

194=381 


104 =384*1 
211=4U?1 

30 

8 

Olive fatty acids, . 

. 

112=334 

177 351 

204 = 399 


45 

f) 


114 237 

177 = 351' 



196=386 

.1 

2 .) 

10 


105=221 

165 = 320 



203 569 


55 

11 



102=210 

1S5- 275 

208 =-406 


220 = 4.39 


46 

12 

Wliile AuBtriiliaii oleine. 


103=217 

115=2.30 

10V37« 

ie(r-2i9 


230 = 446 


4.5 

18 

Olive (('.ontainiiig 1 V' fiee 

0H-2O« 

102=216 


241 = 400 

3 

2.5 


fatty acids), 




102 = 218 





14 

Oleine, .... 


98= 208 

lOU 214 


110 230 

•> 

8 

16 

07'.^’ oleino, 


98 208 

100=212 

102 = 216 


172 = 312 

3 

15 

10 

Keigian oleine, 


98=208 

99 = 210 

100 212 


173--343 

3 

16 

17 

Olive (neutral). 


08 =208 

100-212 

101-214 


235 4.')6 

5 

15 

18 

• • 


97 = 2f»7 

100 = 212 

101- 214 


228- 442 


SO 

19 

o ( „ ), . • 


97 = 207 


101 214 


235 455 


55 

20 

Cotton, .... 


139 = 282 




200 = 392 


4 

21 

Olive, .... 


09=210 

101=214 

102-210 

103=217 

113 = 235 


30 

22 

f Mixtnre'of CO:; of No. 20 1 
\ and 60of No. 21 j 


102=210 

117 243 



200 = 392 


29 

2.3 

( Mixture of 2!)Z of No. 29 \ 
1 and of Nf). 21 / 


90-210 

106 =221 

112- 234 


200 = 392 


52 

24 

/ Mixture of lOX of No. 20 
\ and 90X of No. 21 / 


99=210 

102=216 

106 221 

127 = 261 

200 = 392 

2 

9 


The following results with the same sample of pure cottonseed oil 
were obtained on first using one of Mackey’s testers 


JL 


experiment 

Number. 

Temperature (* C.) after the Expiration of 

Minutes. ^ 

60, 

1 

81 

84 

j 0() 

92 

105 

100 

1 

100” 

122” 

200” 

250“ 





Si "i 

99” 

102” 



107” 


165° 

250“ 

3 

100” 

Ill” 



225” 

250” 



. 4" 

102” 

125“ 



250” 




• 5 

101° 

120” 



250; 




■ 

. ' 

• 


_ 

J_ ! 

_ 

_ 

_ 


a 
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In oxpcriniont No. 2 tlie temperature did not at first rise so rapidly 
as in the otliers, but it sliot up rapidly after a time, and reaelied 260’ 
ill about 1^- hours. In this experiment, the wool was teased out 
witli perlmp.s over-extreme care; in the last two experiments less care 
was taken. 

An observation may here lie mentioned which, though not strictly 
bearing on lubricants, is of iiniiortaiice to itBer.s of this apparatus. 
Some linseed oil varnisli containing 5S per cent, of oil of turpentine, 
which was belicvjid to have caused a fire, was being tested, but at 
first no heating ‘effect could be obtained. The temperature of the 
mixture of M grins, of varnish and 7 grins, of wool rose to 100° in 
twenty-eiglit niinutes, but remained stationary at 105° for two hours. 
Every attempt to olitaiii a different rc.sult failed. Id grins, of a mixture 
of cottonseed oil and turpentine in the same proportions failed to rise 
higher than 142° (!. in 1!)0 minutes, and 32 grms. of the same 
iiii.\turo (containing 14 grms. of cottonseed oil) did not rise beyond 
103''. It beeaine evident that the heavy turpentine vapour idling 
tlic inner cliamlicr jireveiited luoiess of sufficient air to maintain the 
oxidation. Tlie air-iiilet tube B was therefore couuoctcd up to an 
air-supi)ly tap, and a current of air (2 litres per miimte) was forced 
through the ajipura.tus. llcpeatiiig the e.\periment under these 
coiiditious, tlie 33 gnus, of the cottonseed oil and turpentine mixture 
rose to 182" in two hours and to 2.50° in 123 minutes, and the sample 
of varnisli (containing linseed oil and turpentine) reached 100° C in 
eighteen minutes and shot up to 200° in thirty-eight minutes. 

Since making tliese observations, wo have made a practice of 
forcing a current of air through the api>aratus in testing all oils, and 
we find tlie results more regular and reliable. We have also 
improved the apfiaratus by replacing the spout shown in the figure 
by a tube wliicli can lie eoniiceted to a rcfln.x condenser. This 
prevents tlie water in the jiuiket from boiling to dryne,ss, an event 
which otherwise is not unlikely to occur. 


Q.— DETECTION AND DETESMINATION OF AEACHIS OIL 
IN OLIVE OIL. 


Anicius or uarthimt oil so nearly resembles olive oil in general 
characters Kiat the oidiiiary physical and chemical tests fail to detect 
its proseiice. The chiijf difference lies in the iodine values, which 
range as under:— , 

^ Lowest. 

i . Aracliis oil, .... 83'3 105 

Olive oil, .... 7C-2 9r7 


" Whilst a high iodine value (say ofer 87 per cent., which is seldom 
exceeded by genuine olive oil) might, therefore, be due to tlio presoiice 
of arachis oil, a normal yidue is compatible with the presence of this 
pil in coiisideralile propontioii, 
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Arachis oil, however, contAine from 4*3 to 5*4 per cent., of arachidio 
and lignoijcric acids and C 94 H 4 ^() 2 ), wliicli, owing to their 

sparing solubility in cold alcohol, can be isolated -ivithout' much 
difficulty. Olive oil contains not more than traces of these acids. 
Upon this diftbrciKJC in composition, Kouard has based tlie following 
process for the detection and determination of araebis oil, which is 
here described with soiho modifications in detail introduced by one of 
the authors.^ 

10 grms. of the suspected oil arc saponified in a basin, directed in E I. 
(p. 225), using 8 c.c. of 50 |xir cent, caustic soda solution and 70 c.c. of alcohol, 
boiled down gently to about 20 c.c., rinsed with hot water into a separating 
funnel, dcci)iu])osed with hydrochloric acid in exc^^a, and shaken with ether 
to extract the fatty acids. After distilling olf the ether in an 8*nz. wide¬ 
necked flask, the fatty acids arc dried by heating the flask on a steam-bath 
and sucking out the vapour, and are then dissolved by pouring 50 c.c. of 
rectified alcohol (sjh gr. 0*834) into the hot flask. 

To the solution, which should not be hotter than 110“ F., and must not 
bo allowed to cool below 100“ F,, lest crystals of aracludic and ligiioccric 
aciils should separate., .5 c.c. of a 20 per cent, atiueous solution of lead acetate 
are added, which will ])rccipitate the whole of the arachidic and lignoceric 
acids as lead soajis, together with some palmitfite and oleate of lead.**^ After 
cooling to about Oif F. and allowing to stand for about half an hour, the 
alcoholic liquid is decanted tlirougli a filter, and lead Koai)S are extracted 
with ether until the w’aslungs when shaken to a test-tube with HgS- 
water give no colour, or only a slight brown; the soluble lead uleule is thus 
RUiioved. It is best not to attempt to wash with ether more than once on the 
filter, hut to riiiKu the s(»a]).s back into the flask and digest with ether, then 
again filter and again rinse back, using the same filter ejich time. After 
doin" this aliout four time.'!, all the lean oleate will have been dissolved out. 
■Washing on the filler takes a much longer time. 

The filter paper coiiteining the lead amliidate, etc., is opened in a large 
plain funnel jdaced in the neck of a seimrating funnel, and, before the soaps 
nave had time to dry, they arc rinsed into the separator with a jet of ether 
from a washing hottle. Tlie soaps which adhere to the paper and flask may 
be decomp{.)sed and transferred by rinsing with wann dilute hydrochloric 
acjd, followed hy ether. About 20 c.c. more hydrochloric acid (1*10 sp. gr.) 
arc poured into tlie separator, shaken well to decoinpfse the lead soaps, then 
run off, and tin* etlie.real solution of the fatty acidr is washed with small 
quantities of water imtil the lead chloride is removed.* The ether is distilled 
off in an 8-oz. flask, and the residual fatty acids are heated in the water^)ven» 
until dry. They are tlien dissolved by warming with 50 c.c. of 90 per cent, 
ethyl alcohol («p. gr. 0*8340), and the solution is cooled to 15“ 0., when 
arachidio and lignoceric acids, if present, will crystallize out, either at once 
or after standing a short time. The flask sliotild be closed by a cork 
carrying a thermometir. 

% • 

♦ Jow. Sot. Chem. Ind.^ xvii. (1898), p. 1124. 

^ This quantity of lead is Rufficient for 10 grras. of oil. If more bo added, a 
larger procipitatebs produced, containing more lead oleate, which takoa more ' 
' washing out with etlier, but no more amchidic and lignoceric acids am obtained; 
jn fact,df exceu of load be used, as recomraendod by some cheniists, the quantity', 
'of these acids recovered is Qven Jess, probably owmg»U the solvent action of the, 
^solution of leajj oleate in ^ther on tho other load soaps. 
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According to Tortelli and Rnggeri,' a rongji estimate -oi tLe amount of 
earthnut oil present may be made at this stage by observing the temperature 
at which the crystals commence to form. For this purpose the liquid in the 
flask mu,St be h'eated until the crystals have redissolved, and then allowed 
to cool slowly. 


Table LXXXVI. 


ToifiperAture at winch Uie 
cr>Btaie connnence to form. 

i '«• 

Earthnut Oil, 
per cent. 

35-38 

100 

31-33 

60 

28-30 

50 

26-20 

40 

22-24 

30 

20-5-2T5 

20 

18-20 

10 

16-17 

r> 


Ill order to iletermine the projmrtion of earthnut oil more accurately, the 
liquid is allowed to stand for oiiehonr,* with occasional agitation, at 15” G. or 
20° C., or at some intermediate temperature which is nearest to that of the 
laboratory ; the crystals are then collected on a small filter placed over a 
100 C.C. cylinder, using the filtrate alone to ruisc out the llaak, and are 
Washed several times with small quantities of 90 per cent, alcohol until 
the filtrate and washings mea,sure 70-80 c.c., unless the quantity of crystals 
obtained is very small, in which case less may be used.^ The filtrate and 
washings with 90 ]ier cent, alcohol ninst be measured. The crystals are 
then washed thoroughly with 70 per cent, alcohol (sp. gr. 0'8898) in which 
arachidic and ligiioceric acids are quite insoluble. These washings are not 
measured, but the washing is continued until a few c.c. of the filtrate remain 
clear when diluted with water in a test-tube, showing that all soluble fatty 
acids have been wa.shed out. The wished crystals are then dissolved off the 
filter with boiling ether, distilled down in a tai-erl flask, and dried in the 
water-oven until constant in weight, for which one hour or less usually suffices. 
Finally, the melting-point is determined by capillary tube, or preferably by 
Bensemann’s method (p. 203), and the point of incipient fusion should not 
Jae lijwer than 71° C. 

r Instead of weighing the crystals at this stage, Tortelli and Enggeri recom¬ 
mend redissolving them in 50 c.c. of 90 pet cent, alcohol, recrystallizing for 

’ AmlpU xxiii. (1888), p. 273. 

^ ’ Tortelli and Ruggeri say three hours, but Archbutt’s experiments show that 
One hour is enough. ^ ^ * 

• It is s good plan to do this washing with three separate quantities of alBbhol, 
either 10 CiC. or 1 c.c. each, according to tho size of the precipitate, and, after 
'collating the washing esoh time in a small beaker, to pour it back through the’ 
Mter two or three times, so as to tliorou||jily saturate it before adding it to tho 
-main filtrate. Obviously, this must be done at the same constant temperature as 
that at wliich the crystallization took place. A paper filter may ho used, but a 
Gooch filter used with mi^srate suction is better, because the crystals can be 
more completely separated trpm the mother liquor. 
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one Iimir at tlie Ba.ne teni])eraUire as Before, again filtering and wasliiiig, first 
with 90 per sent, and then with 70 per cent, alcohol, and then weighing. 
The crystel.s from pure earthnut oil, when thus jmrified, melt, hy Bensemann’s 
method, at 72'3°-73'.'!" C.' Tlii.s recrystallization is not, however, necessary, 
unless the melting-point of the first crop is too low, or the tpauitity of crystals 
large. 

As the mixed acids are slightly soluble in the 90 per cent, alcohol used 
for recrystallization and'w,ashing, a correction must lie made, which varies 
according to the weight of mixed acids obtained (Tortdli and liuggeri). This 
correction is given by the following table;— 

< 

Table LXXXVII. 


Weight of Mixed Acids 
oiituined. 

Grm. 

' Correctiou (grm.) to be added per 100 c.c. of 00 per 

j cent, alcohol used, at 





WO. 

n-s' c. 

20' 0. 

0'9 and upward-s. 

0 071 

0-081 gt 
0-080 ^ 

0-091 

0-8 

0070 

0-091 

07 

0-068, 

«-06Wt 

0-079 . 

0-090 

0-6 

. 0-077 

0-088 

0-6 

0-064 

0-074 

0-085 

0-4 

0-061 

0-070 

0-080 

0-3 

0-055 

Odffrl 

0-074 

0'2 

0-048 

0-056 

0-064 

O’l and less. 

0-033 

0-039 

0-046 


The percentage of mixed araohidic and lignoccric acids thus isolated 
from pure earthnut oil by Rcnard, Do Negri and Fabris, Tortclli and 
Kuggeri, and Arehbutt, has varied from 4-28 to 5-40 per cent.; 
averaging about 4'3 per cent. Therefore, the weight oi mixed acids 
obtained, multiplied by 21, is approximately equal to the weight of 
araohis oil in the quantity of oil taken for experiment. 

The results in Table LXXXVIII. (p. 287) show the degree of accu¬ 
racy attainable by this method. 10 grms. of oil were taken for the 
analysis in each ease, and the mixed acids were not reerystallized. 

The correctness of the method has also been pVc ved by llenari by 
De Negri and Fabris, and by Tortelli and Ruggeri. The latter* 
chemists, working on 20 grms. of oil and recrystallizing;, the mixed 
acids, obtained the following results:— 

Arachis oil taken, ptr cent., . . 60 | 50 I 40 I 30 I 20 I 10 I 6 

Axohis oil found, per cent., . . 80 j 50 | 40 | 31 | 22 | 11 | 67 

*■ Reimer and Will found in rape oil an acid of high melting-point, 
sparingly solubla in alcohol, whieV they believed to be behenie acid, 

, Ponzio subsequently identified this acid as araehidio; but 

.A Tortclli and Buggeri found the melting-point •of the recrystsllized scids, 
i^termined by^cspilloty tube; between 74° and 76'5°rfl. 
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judging by the solubility in alcohol and the meljiiig-point, it is prob- • 
ably a mixture of arachidic and lignoceric acids. Archbutt has 
isolated those acids from 33 out of 51 samples of commercial rape 
oil, and inu proved that the quantity present may amount to as Much 
as 1-43 per cent. He has also found the same acid in mustard oil.' 
It appears from these results that the fact of finding arachidic acid 
in olive oil is not conclusive pnwf of the presence of earfhnut oil, 
unless rape and mustard oils arc proved to bo absent by other tests, 
of whicli the saponificiition value is the most important. Unless the 
saponification val%e of a sample of olive oil is below 19’0, neither mpe 
nor mustard oils are likely to be present. 


Table LXXXVIII. 


Coiuposit[on of the 
on per 100 part*. 

Volnroe of 

Mixed Arachidic Aiid Lignoceric Acids. 


— 


AIoAol. 


--- 

-- 

-- 

. 

ArachU 



Temperature. 

Dis. 




Melting- 
Pfjint by 

Oil 

found, 

Pure 
OJive OU. 

Pure 

AraciilsOil. 

•Solubility 

CoelUcient. 

solved 
hi the 
Alcohol 

Weiglied 

Total. 

Per 

cent. 

Capil- 

Iftry 

T'ulie 

cent. 







•c. 




80 e.(j. 








100 

1.0° 0. 

•0504 

•4480 

•4984 

4-08 

71° 

100 



'063 









7.3 C.C. 







90 

10 

15" C. 

■0241 

•0265 

■0S06 

■606 

71° 

10^2 



•0,33 









73 







80- 

2# 

15“ C. 

•0241 

•0715 

•0956 

•966 

71” 

19-2 


• 

■033 








K.-C0L0im EEACTIONS. 

Most of the colour reactions which formed such a prominent 
feature of the older w»rks treating of oil analysis have been sho.wn h 
to be caused, not by characteristic constituents of the oils themselveg, 

* Jmr, So^ Chem. htd. ivii. (1888), p. 1009. 
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Wt by impuriticB w^ciob are more or less perfectly removed in the 
processes of refining; and many of these reactions, based upon tests 
made with a limited number of specimens of oil, have been found by 
more extended experience to be valueless. Although the qjiantitative 
methods developed during recent years have made us much less 
dependent than formerly upon colour tests, the means of identifying 
oils in mixtures are still impprfect, and such colour reactions as arc 
undoubtedly produced by natural constituents of particular oils, of 
which there arc a few, are valuable. 


I. Reactions of Cottonseed Oil. 

(o) The Halphen Reaction.—Oils containing cottonseed oil, if 
heated with carbon disulphide, free sulphur, and amyl alcohol, 
develop a characteristic rose-red coloration, the depth of which is in 
proportion to the amount of cottonseed oil present. The relative 
proportions of oil and reagents, and the method of heating, may be 
varied without interfering with the test, as is evident from the 
different directions given by different jmulysts. The following 
method will bo found quite satisfactory:— 

3 O.O. of the oil, 1 c.c. of a 2 per cent solution oj^lplmr in carbon disul¬ 
phide, and 1 c.c. of amyl aljoliol, are mixed in a small test-tube, which is 
thftn heated in a bath of boiling water. With as little as 5 per cent of 
tottouBced oil present, a distinct rose-red coloration is developed in from 
fifteen to thirty minutes; the colomr is more intense and more rapidly 
produced the larger the proportion of cottonseed oil. Less than 6 per cent 
can be detected if the heating be continued for one hour, and it the colour 
be then compared with that of a pure sample of oil tested at the same time. 


This is the simplest and best reaction for the detection of cotton¬ 
seed oil. So far as is known, the only other commercial oil which 
■givtfe the reaction is kapok oil (Milliau, Comptes Hendus, 1904, 807), 
whiih would bo equally objectionable in a lubricant. Nevertheless, 
too muefi reliance must not be placed on this or any other colour tost. 
Thus, it has been fouiidffiiat cottonseed oil which has been heated to 
340" C., or even to 150” C., if heated long enough, lo longer resjxmds 
'te.Halphen’s test. It has also been obsen'cd that the fat of animals' 
which have been fed on cottonseed cake may give the colour reactions 


of. oottonsead oil, though none has been added (see Stiver Nitrate 
Tut). Thus, lard oil from the fat of pigs ,fed on cottonseed cake 
■a^ht.be unjustly condoned if conclusious were drawn from the 
p^onr reaotion alone. Honoe, it is pvident that these reactions 
.Addld only be used as adjuncts to other tests, and no conclusions 
mould be drawnjrom them, unless confirmed by the results of the 
gmnliitative reactions. 

) "TJhe Silver Nitrate Test. —This test, briginated by Beochi, 
^pmds upon the presence in oottonseed oil of a substance which 
ifii^aoes silver nitrate. ■ If the oil be saponified and the fatty acids 
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isoIaUxi, they <(ivc the same reaction. In Ber,Jin’s test, the oil is, 
heated with a complex reagent containing an alcoholic solution of 
silver nitrate, ether, nitric acid, amyl alcohol, and rape oil; but it 
is preferable to enii)Ioy tor tire test a solution of the fatty acids in 
pure alcohol, as proposed by Milliau, omitting tlie amyl alcohol 
and rape oil. The following method of procedure is recommended:— 

Approximately 5 grms. of the oil are aaponffied as directed in EL (p. 225). 
The alcuholio soap solution, concentrated to alaml 10 or 15 c.c., is dilute 
with hot water, riimed inP) a sejuirating funnel, decomposed with excess of 
<Ulute sulj)huric*cid, and shaken with about 70 of ether to dissolve the 
fatty acids. After <lrawing oil lheu(pieous liquid, the ethereal solution is 
washed fouror live limes with small (luantilieBof cold water and poured into 
a Hash, The ether is then ilistilleo olf, and the flask containing the fatty 
acids is heated on a steam-hath for a few niiimfea to evaporate the remaining 
traces of e!her ami ^vater. 

The fatty ac.ids tllus obtaineil are immediately dissolved by pouring 20 c.c. 
of aItsoIu(.e alculiol into the flask, and the solution is iKiured into a ary tesl- 
tube measuring H inches x 1 inch. The cunfeiits of Lae test-tube are raised 
to Imiliiig by cautnmsiy heating over a .small Bunsen flame, and then, whilst 
holding the (cHt-tube over a whip* tile, 2 c.c. of a 30 per cent, aqueous 
solution of .Sliver nitrate are ailded from a ])ij)ette. In tlie presence of 
5 percent, of cotion.setsj oil,a cliaractiTi.stic brown turbidity is produced 
almost immediately. The re<iction is more luphl and intense the greater 
the proiiortion of coiton.sml <u! pre.sent. If there be no immediate reduction, 
Liie .solution is kept under oKsei'vation for a minute or two at boiling-point, 
by moving the t.uiie Ixi and fro from the tile to the flame, and if only 2 per 
cent, of c(»(tonsml oil be pi'esent a dnstiiict reacition, though more slowly 
tfevehqieti, ^viU k- obtained. 

This reaction has been cxiuniued by a large iiiiinber of chemists 
and found to be ciiaractoristic of cottonseed oil. Milliaii states, 
however, that kapok oil gives the same reaction. Some genuine 
rape oil.s appear to reduce the siIv<T very slightly, but the reaction 
takes place .slowly, and the colour produced is blackish, whilst with 
cottonseed oil it is brown. Possibly in these cases the precipitate la 
.sulphide of silver, due to sulphur in the rape oil. In testing fats 
which have been exposed to the air, or have become rancid, it must 
1)0 reincmberi'd that a’dehydic kKlics formed by oxidation may reduce 
the silver solution. Thus Bevan ^ found that lard which had been 
exposed to the air for some days gave Bccchi’s reaction, whilst some 
^f the same lard taken from the interior of tlie mass bad no reducing 
property.* Hchner-states that genuine butter made from the milk 
of cowB fed largely on^eottonwod cake frequently gives the reaction 
of cottonseed oil^ 

Since it is not known wlftther all Haniples of cottonseed rfjil reduce 

’ Analyal, xix. (1894), p. 88. * 

Confirmed later by c-vneiiiuentB made ou behalf of the Board of Agriculture, 
See Analyst, xxiii. (1898), p. 2.')^ Soltsieii and othei-s have also shown tbit 
American lard from pigs fed on cottonseed meal gives a strong colour reaotioii 
with the silver nitrate test and with Halphen’.s test; Analyst, 1902, 95, and 
1903,’ 80. 
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silver nitrate to tlit^jiame extent, it is not safe to draw quantitative 
conolusions from thi.s test; but an estimate of the proportion of 
cottonseed oil based upon the result of the colour test (lenewlly agrees 
fairly well with that calculated from the quantitative results. 

Some chemists have obtained good results by the Milliau test, 
others have formed an unfavourable opinion of it. This different 
experience may bo duo to yie fact that the fatty acid.s if kept heated 
even to 100° C., and especially if washed with boiling water, gradually 
lose their reducing property. 

Thus, the fatly acid.s obtained from a inixtnre of rape oil with 5 per cent, 
of cottonseed nil, which reduced silver nitrate iimnedialely when first tested, 
completely lost the [iroperty liy lu'ating in the water-oven for one hour. 50 
grms. of j)ure cottonseed oil were sapomiied and the fatty acids were olitainod. 
After transferring 5 c.c. Ui a test-tidie, the rcuiaindcr of the acids were 
placed in the water-oven in a wide beaker, and at intervals of one hour 5 c.c. 
were taken out and transferred m tubes. The dill'erenl (luantitics were 
then tested together and the amount of redudkm eonijared. The fatty 
acids which had not been heated reducetl the silver very strongly, the 
remaining quaiititie.s had a reducing jmwer which diminished progressively 
Bccoiding to the length of time they hail been heaUsl, and after heating for 
nine hours it was estimated that about 95 per cent, of the redig^W action 
had been lost. % 

A more rapid loss of the reilncing jiroperty occurri-d when the fatty acids 
were repeatedly boiled with water. Tims, sqab fatty acids from pure 
cottonseed oil, which reiliuud silver very stiDUgly, were boiled with water 
for one hour in a basin ; ifie reducing piiiperty, though still strongly marked, 
had decidedly dimiiiishwl. The same fatty acids were then boiled font times 
successively, for only one or two minute.^ c.aeh lime, w'ith fresh quantities 
of water, when they were found to have lost from Rf) to 90 per cent, of their 
original reducing power. 

From these results it is evident that if the fatty acids for the 
Milliau test are prepared in the onliiiary way, viz., by acidifying 
the hot soap solution in a basin, beating until the fatty acids are 
clear, washing with hot water and drying in the water-oven, erratic 
1 Suits may be expected. But by separating the fatty acids with 
ether in the manner de,seribed on p. 1189, and by avoiding more tlian 
ten to fifteen minutes’ beating to expel the ether, the results are 
more reliable. 

Cottonseed oil, however, which has been heated to 240“ C. no 
longer responds to either Becchi’s or Milliau’s tests. i 

(e) The Nitric Acid Test.—This test is given in the fOrm recom¬ 
mended by Lewkowitseb.' A few c.c. of the oH are vigorously shaken 
in the .cold with an equal volume of nitric acid of sp. gr. 1’376 and 
then allqg'ed to stand. ‘ If cottonseed oibbe present, a oharacteristio 
coffee-brown coloration develops in a short time. Stronger acid' 
gives less definite results. 

In applying this test to a sample ofioil, the colour obtained should 
be eompared with that given under the same conditions by a pure 



sumplc of tlie sjirae kind of oil. Tlio test is most useful in' the cake ’’ 
of oli\’e oil which, when pure, is sciireoly ch:uigcd in colonv by the,, 
iiiti'iu acid. In con8e(jiicncc of .an observation by Holde that refined ; 
rape oil wlien shaken with nitric acid of 1'41 sp. gr. also gives a ' 
brown (jolonr, l.ewkowitsch mixed a large number of samples of olives 
oil with varying j)roportions of cottonseed oil- on the one hand and 
rape oil on the other, and sh(«)k them with nitric acid of 1’.'175 sp -gr. •, 
After standing for twenty-four hours, the two sets showed striking' 
tiifforciioes of colour; those eoutiiining cottonseed oil were of a pale 
brown colour, \<liilst those mixed with mpe oil became more yellowish.,' 
111 a similar series of tests made by one of the authors it was found, 
witli one samjilo of iiijie oil, that altlioiigli no brown colour was,, 
developed within forty minutes, whilst the mixtures containing 5 per' 
cent, and upwards of cottonseed oil all gave a distimit brown colour'^ 
ill the same time, on longer spuidiiig llie mi.xtures eontaiiiiiig rape oil. 
also became tirowii in colour, and, before tlie end of twenty-four hours,' 
could not be distiiigiiislied in shade from those eontaiiiiiig cottonseed’ 
oil. Aiiotlier saiii])le of refined (.Stettin) rape oil, undoubtedly 
genuine, when mixed in the pn)]K>rtioii of 20 per .•ent. witli" the 
same sample of olive oil as was used in the above tests, gave a 
brown colour in forty minutes which could not be distinguished from- 
the colour given by 20 per cent, of cottonst'od oil. A more e.vtended 
experience lias continued the fact that many genuine rape oils give 
a brown I'olmir when shaken with nitric acid of I'.’W.') sp. gr. 

Some genuine lards have been found to give a brown colour with 
nitric acid ; but tliis should not mislead an experienced analyst, as 
the jiicsoiice of cottoiiscisl oil ought not to be certified nnfoss it is 
eoiifiriiied fiy (|iiaiitilativo tests, such as the iodine value of the .siunple. 
The reaction witli nitric acid has this advantage over Halphen’s 
and till! silver nitrate tests, that the bnnvii colour is obtained with. 
cottonseed oil which li.xs lieeii heated to 240° U, as well as with oil 
which lias not been heated. Lewkowit-scli .states, however, tliat some 
American cottonseed oils which lie has met with gave such a ffflnt 
coloration witli nitric luiid that 10 per cent, could not he detected 
in olive oil ny tliis test; Imt siieli oils .are rare. 

It may be iwited that blown oils, both rape and cotton, even if 
present to the extent of only 10 per cunt., give a very intense red-, 
brown colour when shaken with nitric acid. 

«4 

II.* Reaction of SesamO Oil. 

• 

The Baiidouin Beactioa— .Sesame oil contains a substaffee which, 
produces a ro.so-re(l coloration when the oil, eitlier pure or in admix¬ 
ture with other oils, is sliakon with a solution of o.aue sugar iijf 
hydrochloric acid. • -. 

111 making the test, O’l <jrm. of pure cane .sugar is lust dissolved in 5 
cold,stronghydnicliloricf^ld (I’lOsp. gr.); 10 ixc. of the oil are then,add«^; 
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the tube ia corkeil, aliaken for ten minutes, and allowed to .stand. If only 
S per cent, of Be.sann‘ oil la: present, llic acid which separates will be pink in 
colour. If 6 jior cent and upwards he present there will he no njjed tb shake 
for ten minutes, as the eninl.sion svill la- olaao'vod to become iiink while it is 
being shaken. 

Several observers have found that in the ease of certain olivu oils 
of undoubted purity the mid liquid assmuos ‘after a short time’ a 
violet coloration. Villavccchia and Fabris * further .state that some 
genuine Italian olive oils irive a rose coloration similar to that ])ro- 
duced hy sesame oil. We liavo oonfiruicd this lattcf ohscrvalion in 
testing a few genuine olive oils, Imt the |)ink colour observed by us 
has always been very faint. If, after ten ininntes’ shaking, the acid 
which separates is not distinetly pink or red in eolour, sesame oil 
should be assumed to be absent, and no notiue should he taken of any 
colour which develops on standing, hi any ease, error is not likely 
to occur so long as the results of this test are supjiorted by the results 
of the (piantitative reactions. Milliaii has found that if the test be 
applied to tlie fatty acids insteiul of to the oil, any jiossible error is 
obviated, and this lia.s lieen confirmed by pther cliemists.® Therefore, 
Milliau’s metliod should be adopted in any oa.se where doubt exists 
as to the cause of the coloration. Villavccehia and Fabris * find tins 
colour reaction to tie due to lurfuml, pr<Buccd liy the aiition of 
hydrocblorie acid on sugar, and they have accordingly proposed to 
employ a solution of furfiiiol instcml of caue sugar. As furfurol 
itself gives a violet coloration witli hydrochloric acid, a very minute 
quantity must he used. 

For the test, a 2 jifir cent, solution of furfurol iu alcohol is jirt-parKi. Ud 
c.c. of tliB .solution i.s placed in a te.st tulw ; lOc.c. of liydrocliloriciicid (I'lfi) 
and 10 c.c. of the nil are add«l; the tnlw is then corked, shaken for lialf a 
minute, and allowed to stand. If even 1 ]xu' eent. of scsuimi oil be. present, 
the acid which .separate.s lias a ]iink colointion ; witli !> per cent, a strong 
ibee-red colour is olitaincd. This tiwl Is iwommended, as it is sinipler than 
the test witii sugar, and half a minnte’s shaking is quite sufficient. 


III. Reactions of Cholesterol and i'hytcsterol. 

, (it) With Chloroform and Sulphuric Acid (Hesse, Salkiwski).—li 
a few centigrammes of cholesterol be dissolved in 2 c.c. of 'cLloroform 
and the solution lie shaken with an c(|ual volume of sulphuric acid of 
1 '7 6 spi gr., the cldoroformie layer at first becomes pink, deepening 
more or iqss rapidly (according to the quantity of eholesterol present) 
to blood-red," tlien eherry-fed or purple, the latter colour persisting for 

J Jour Soc. Cliem. /»<!., xil (1S93), p. 67. 

V Jhid., ifrVii. (1898), p. 275. The olive oilS’of Tunis are said to froquently give . 
a red or rose coloration with the Baudoiiin teat, but the fatty aciila do not. See . 
Chrni, frcule Jounutl, 1902,*521’ 

’ /5fd.,xiil( 189♦),!). 6». 
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some tiiiif and oliaiigiiig to a inahogtiii^' tint <m pmioiiged standing. 
If .some of the purple solution Is: ixmrcd into a jjoreelain basin, tho 
onloiir soon Mes to a dirty grociii and ultimately yellow, but the 
eriiusoii or purple tint is riwtored on agitating again with strong 
sulpliiirie auid. Tiio strength of the .sul|)hurie acid used in this test 
is important, and a couip.'trativc exfwriineut should Ix^ made with 
pure cholesterol. A crimson or purple bolour is developed, though 
slowly, willi .'UH little as .'j niilligniis. of cholesterol in 2 c.c. of 
chloroform. Salkowski sLiles that the .sulphuric acid which separates 
shows a slroug^'i'ct'u ttuoresceiicc. With p "e cholc.sterol (probably 
from gall-,stones) and sulphuric acid of I'l ' gr., wo have been 
inialde to obtain more than a hiinl. Iluorescet d that only after 
standing for .-i day or two. hewkowitsch I ' \ that the groen 
fluoreseence is caused hy the pro.seuco of isocho, 

(e) With Acetic Anhydride and Sulphuric Ac, TBiv/mim).—If 

to a cold solution of cholesterol in iicotie auhydrkh 'tlitmted sul- 
phui'ie acid ho added, drop hy dro]), without shakiuj,, ’'|ot colora¬ 
tion, cpdekly ch.uigiug Ut hlue, is produced where tin lids meet. 
On sliakiug, the whole liipiid bucome.s deep hlue, sh.wl^ Mlgiiig to 
green or bluish-green. This risielion is very delicate, ant, S given 
bv less than I milligrm. of cholesterol in 2 c.e. of acetic anliydrido. 
isoeliole.sterol gives the same reaction (,SV-/i«fcp). A violet or violet- 
red eoloi'.'ition is given also hy .solnlions of colophony .'ind rosin oil 
in acetic anhydride, hut in these eases the colour (which is produced 
by 0 ) 0 ' dniji of sulphuric Jicid and shaking) does not cliango to hlnc, 
hut citlier hides slowly to a neutral tint or (if heated) changes to a 
brown oi' yellow colour. 

(/•) With Nitric Acid (iSr/i)//').—-A orysDil of cholesterol heated 
witli a drop of coucentnitod nitric aciil and slowly evaporated leaves 
a yellow Bi«)t whicli is turned red by ammonia. Isocholcsterol gives 
tho siime reaction {Schi/hc). 

(,/) With Hydrochloric Acid and Ferric Cliloride (Muff)., -If a 
little eliolestcrul lie tritunited with a drop of a mixture of h'vols. 
strong hydrochloric lu'.id and 1 voL of ferric chloride solution, and 
slowly evaporated to dryues.s, the particles which have remained un- 
dissolvcd assume a violct-red colour, chaugiug to hino. .Some other 
hulistauces, such as oil of turpentine and camphor, behave in the 
.aarno wav. Isociiolcstorol docs not give this reaction. 


IV. Detection of Bosin.Oil. 

(dj'The Liebermann-Storch Beaction.'—If a small drop of roaiii" 
oil be dissolved in 2 or 3 e.o. of cold acetic anhydride and one drop j 
of sulphuric acid of sp. gi'. he added to the liquid and shahen, 1 
a characteristic violct-red coloration is produced, becoming redder,.' 

' Jmr. Sar.^Cluiin. Ind., vii. (1888), pp, 135^186. 
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then brown' or ('rconisli-l)rown. This reaction i,s given even l)y 
highly-rerined rosin oil. 

• To detect roeiu oil in, mineral oil, 2 e.c. of the samjile are shaken for a 
■minntc or two in a dry U'st.-Uibu with about 3 I'.e. of iicelie anhydride at a 
gentle heat and allowed hi separate. AfU*r cooling, thoaretir anhydride, ia 
drawn off with a line ]ii|iette ayd transferred to another tube, or, ]a'(!ferahly, 
the liquid is poured on In a. sneill lilter previnii.sly moistened with aeetiii an¬ 
hydride,when the oil will remain on the liller and a bright lillrale will he 
obtained. To this liltrale one driqi of sniphnrie. .aidil of sp. A'r. I'.'W is added, 
and in thepruseineof rosin oil an nnniediaU', eery fngitivi; e.oloration, vary¬ 
ing from violet-i-ed to eherry-ri‘d, is obtained. Pure, mineral oil gives a 
yellow or brown colour, whieli is sometimes so dark as to ohsuure ihii losin 
oil reaction, in such eases, the te.-l may be made more delieafe by ijouring 
one dro^i of tlie acetic anhydride liltrale into another tube before adding 
Bill pluiric acid ; on dilating this with 1 or 2 c,c. of acetic anhydride and 
adding one disq) of Bulplnine, acid to the diluted liquid, the violet euloratioii 
is more ]ikinly .seen, h’ivc per cent, of rosin oil may he thus deleeted. 
Morawski ]ioiiit,s mil that the dark eoloratioii of mineral oil with sulphuric 
acid is iiitensitied by tile ajiplitation of too much heat in shaking the oil 
with acetic aniiydridc, .ami tWt if the extinction Ik- done in the cold a paler 
colour will he oiit-nned and the rosin oil laiaetion will he les.s oh.scnred. 

Owing to the fae.l that cliohesterol and iihytostei-ol also give a violet colora¬ 
tion with .sul])lnn'ic acid in acetic anhydride solution, Htoreh has stated that 
this test cannot be relied n]KHi for the deU*c.titai of.ro.siii oil in lhi‘ presence 
of fatty oils ; hut Moiaw.ski has found that thu^test is aiqilicahle to most 
vegetable oils, which, when jntre, give only green, yellowi.sh, or yell^isli- 
browii colorations, if, tlierefiaa*, the prer-eiice of iiisin oil in a fixed mi be 
'sukiiecU'il, the eoloratioii obtained should Iw compared w'ith that yielded 
under similar conditions by a jnire saiiqile of the same fixed oil. In the 
ease of oils siieli a.s .sharkdiver ami others which, owdiig to the presence of 
cholesterol, do inlerfere. with the test, Lew'kowitsch .suggests that the oil 
.should ho iia]>oiiified, ami after extraction of the iinsapoiiiiiahle niatter 
(including cholesterol) with ether, the. fatty acids liberated from the soaji 
solution should then he U«led for rosin acids, which alw'ays ace.oini«iny 
rosin oil. If the sample under teat conlaiiis added rosin or rosin soap, ihi.s 
dwice of course fails; rusin oil must then he searclietl for in the iinsapoiiili- 
a'jle matter by other tests. 

- (h) Holde’s Test.—According to Hohle,* if 5 c c. of oil be vigorously 
shaken in the cold with .h o.c. of siilpliuric acid (1 'GOsp. gr.) the acid 
layer which separates asauiiies a distinct red colour in the preseiicc of 
ifosin oil. The vegetable and animal oils and most, mineral liibricaf- 
ing oils impart only a faintly yellow to yellowish-brown or grass-green 
’.jjofour to the acid. Various kinds of fish oil, iiiiperfeetly refined 
"mineral oils, also tar qil, cause a dirty hrowii-red coloration of the 
acid ; auS, in such cases, the detection of rosin oil by moans of this 
ireacti'oii Is only made possible by e.\tracting it with 90 per eout. 
Mtkohol and mixing the alcoholic extract in a test-tube with a small 
Fquahtity of sulphuric acid of 1'53 sp.'gr., which is allowed to flow 
■ dovfn the side of the tube. 

c-UiUermehtuid der Selimicrm'ttel, p. 116. 
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Holde states that 1 per cent, of rosin oi] can detected by this ' 
•eaction, but our experience is that the test is decidedly less delicate 
;han the liicbermaiin-Storch reaction. Pure rosin oil certainly gives,; 
i very characteristic bright red colour, which distinguishes it at ohee„ 
:roni pure nuuenil oil, Viut coinjmrative cxjicriuicuta with pure mineral' 
lil and mixtures of the same witli rosin oil in din'erent proportions 
ihowod that the mixture containing D per cent, of rosin oil gave only 
V very slightly redder colour than the mineral oil alone. The 
-liffercncc was distinct with 10 per cent., and still more so with 20 
per cent, of rosHi oil, but the niaction could not he depended upon' 
for the detection of 10 per cent., except by making a blank experi¬ 
ment siuiulhmeously with tlu; pure mineral oil. Shark-liver oil and 
seal oil gave a red-brown colour, as stated by llolde. Refined rape 
ril sc.arcely coloured the aeid, but with blowu rape the whole mixture . 
bceame nearly black in colour and the acid could not be distinguisbed 
from the oil.' 


V. Detection of Bosin Acids (Bosin). 

The Liebemann-Morawski Beaction. -If a few milligrms. of col¬ 
ophony be dissolved, by wanning, in 2—T c.c. of acetic anhydride and ' 
tlic solution be made quite cold, on iiddiiig <me drop of sulphuric acid' 
of I'.bS sp. gr. and shaking, a pure violet colour is produced, slowly 
fading to a neutral tint With eoiieentrated acid the colour is redder,. 
and if the litpiid be heated {e.ij, by adding several drops of acid 
as in testing for cholesterol) the colour changes to brown or yellow, 

To tided rosin in an oil, fat, or tjrnm by lueaiis of this reraelion, tlie sub¬ 
stance should lir-st he sapoiiifled and the mki]i solution shaken with ether to 
renmve unsaponiliahle matters, asjK*ciaIly msiii oil and cholesterol. The 
fatly acids are then ohtaiiierl from the waj) solution and a siniiU portion is 
dissolved in acetic iinhydride in the mid, or at a very gentle heat. The- 
solution having been uiailc quite cold, siiliihuric acid ut sp. gr. I'SS is 
allowed to flow down the side of tlielidie., ami in the presence of rosin acids 
a coloration varying from violet to violet-red is pnxiuced where the liquids- 
mix. Lewkowitach recoiumende this test as ihoronghly trustworthy in all 
cases. 

S.—D^ECTION AND DETEBMINATION OF BOSIN Oil 

IN mine;bal (unsaponifiable) oil. 

(a) The Liebennann-St^rch Colour Test,. (See p. 293), 

{h) The Acetone Test. —According to Demski and ifforawskij* 
rosin oils mix with acetone in nearly all proportions, whilst minealj 
oils require several times thei^ volume of acetone to effect oomplste 

■ ' See also Holde, Jmr. Soe. Ckoin. Ind,, ix. (1890), p. 419, and Grittner, 

X. (1891), p. 728. ,. „ 
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Bolvition.' If, tlicrcfoi'c, an unBaponiKalilo oil gives a clear solution 
with an equal volume of acs^tone, it is either a pure rnsiii oil or a 
mixture of this with very little mineral oil; if an insoluble .residue 
remain, it consists of mineml oil. Mue.(lerliolr],- who has ])roposed 
the same test, states that the acetone must he dry and free from acid, 
hut that the presence of aldehyde is of no importance. The difforenee 
between the solubility of roriu oil in moist and in dry acetone is very 
ooiisiderable. Hosin oil will dissolve in half its volume of drij acetone 
at 15° 0. 

(c) Finkener's Test.—Kinkencr ^ has proposed tlio'usi! of a solvent 

prepared by mixing at IbT)" ('., 10 volumes of aleohol (jf sp. gr. 
O’SiSS with 1 volume of chloroform. Itosin oil dissolves in from 10 
to 12 volumes of this mixture at 2d" whilst mineral oils are not 
completely soluble even in 100 volumes. Occasionally rosin oil is 
met with which, when dis.solved in 10 volumes of the mixture and 
allowed to stand for .several houi’s at 23' U., deposits an oily sedi¬ 
ment amounting to from 3 to 7 per cenh of the rosin oil taken, hut 
if 12| volumes of the mixture he used insteml of 10 volumes, any 
insoluble residue then obhuned iiuiy la' assumed to he mineral oil. 
Wiederhold considei’s that the necessity of working at 23" ( '. renders 
the above test impnmtieable, and ho states that if 1C volumes of the 
chlorofonnic alcohol he used the test may ho piade at a tempemtin'c 
of 15* C. _ _ 

(d) Polarimetric Test.—According to Valentii, most rosin oils 
arc strongly dextro-rotatory', the rotation varying from 30° to 40° 
in a 100 mm. tube. Dcuiski and Moi-awski observed a robition of 
about 50°. 'The rotation of seven samples examined by I’elgry at the 
Charlottcnburg Versuchsiuistalt varied from 32° to 42°.^ (.)n the 
other hand, ])ure mineral oils are, as a rule, optically inactive, one 
sample only having been found to give a rotation of + T2°. Dark 
coloured oils must be decolorized by filtration through animal 
charqoal. 

(e) Determination of Eosin Oil by Valenta’s Method.*' —(llacial 
acetic acid at 50° G. dissolves rosin oil much more freely than 
mineral lubricating oil. Thus, Valenta found that 100 gnus, of 
glacial acetic acid dissolved at 50” G., from ten ddfeicut samples of 
mineral oil experimented with, quantities ranging from 2'67 h) 6'50 
grms.; whilst the same quantity of glacial acetic acid dissolved 16‘88 
grma. of rosin oil. Walker and Itobertshaw^ similarly found the 
seduhility of a sample of mineral oil in 100 grins, of glacial acetic 

* Borneo mineral oil of »[i.,gr. 0'97 to 0'99 is readily soluble in an equal volume 
of acetono..«itdoes not, however, give the Licbcnfiaun-Storcb reaction. (Jenkins) 
1502, 210. 

" Amlyst, xviji. (1893), Ji. 206 ; Juiir. &jc, Chtm, Ind., xii. (1893), p. 661. 

' Holde, JHfi C/jUt'.r$iu:huny dcr SchmiermUtd, p. 116. 

' Amtyit, xviii. (1892), p. 207. 

Holde, Dk Vhlfrsmhmy dcr SchmiermiUd, p. IIS. 

JoilTi Sqc'CIuw. hid,, 1884, 613. 

Analytl, 1902, 238. • » • 
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acid to 1)0 4 ■•1 {jrms., and of two samples of rosin ofl o ) be, respectively, 
16'8 and 16'f> t?rnis., tlms oontirmiiig Valcnta’s figures. Upon this 
differeueey)f solubility ValeuDi liiis Iwisctl the following lest:— 

2 (■■•c, of the su8])ect.ed oil arc mixed in a tcBt-tuljc with 10 c.c. of glacial 
aeotie acid ; the tube is immersed in water at .'iO" C. and frequently agitated. 
The acid is then filtered Ihi-ough a dam]i filler, the second third of the 
filtriile being collected, A weighed quantity of this is litrated with 
standard alkali, and the amount of ai-etic acid calciilated. The difference 
between this weight and tfiat of the quantity taken is the amount of oil 
dissolved. • 

Valenta found tliat the solubility of a iiii.xture of rosin oil and 
mineral oil was not proportional to the relative quantities of each in 
the mixture, and, therefore, he did not consider the above a quanti¬ 
tative nietbod. On the other band, Walker and Robcrtstiaw found 
that a mixture of equal weights of miuond oil and rosin oil gave 10’84 
per eeiit. of dissolved oil, tlicory roipiiring 10'59 per uenl. Tliey, 
therefore, consider this the best metliod of analysing quantitatively 
a mixture of mineral oil and rosin oil. Allen lias pointed out that 
errors would be caused by the jiresence of rosin acids in the rosin oil. 
He [iroposod, therefore, to neutralize the greater part of the acetic 
acid witli alkali, dilute with water, and extract the rosin and mineral 
oil witli etlier. I’liilKthly the Imst method of jirocedure in all eases 
would 1)0 first of all to saponify, extract and wcigli the imsa;>onifiahle 
matter (thus freed from rosin acids), and examine this by Valenta’s 

' method. Tlie rosin acids, Uq!;ellier with fatty acids from any fixed 
oil present, could bo recovered from the sreip solution and separately 
dotern)iiied. 

(/) Determination of Eosin Oil by Storch’s Method.'— According 
to Storeh, rosin oil mixes will) al)solute alcohol in all proportions, 
but the presence of a comparatively small proportion of water greatly 
reduces tlic solubility. Thus, 9(i per cent, alcohol dissolves from 11’3 
to IG'd per cent, of rosin oil, whilst 90 per cent, alcohol dissolves 
only from 2'() to t'O per cent. Mineral oil, on the other hand, is 
luueh less Soluble than rosin oil. Upon this diffbrenee of solubility, 
.Storeli has hawd the following method for tlie determination of rosin 
oil when mixed with mineral oil;— 

* 10 gnus, of the uiiBaponifiable oil, which lias been proved by the 
forogonig tests to contain rosin oil, are gently warmed witli 50 grms. of 96 
iier cent, alcohol (sp. jj'. 0’8123), then well shaken and allowed, to cool. 
All the rosin oil, even if 50 per cent, be present, will now be dissolved in 
the alcohol, together with sonje of the mineral (Al. The alcoholic solution 
having been carefully drawn off with a fine pipette and tran^erred to a 
8n)aU Erlenmeyer flask about seven cm. high, the surface (only) of thff 
uiidissolved mineral oil is rinsed with a few c c. of 90 per cent, alpoholf 
which is also transferred to tlicMaak. Tlie latter is then i)laoed on a waterJ 
bath, surrounded by a bottomless beaker, and the alcohol is gently boiled off.' 

’ Jour. Hoc. Uluiii, vii. (1888), p. 136 ; Amlnd, xiii. (1888), p. 71. «, 
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When the vcKi(lualoi]*'i8 free from hubbies, it is twiled juid weighed, (ifesolec 
A.) Storr.h has ])roved that by cviiijoratiiig off the .sjiiril in this way the 
lois of rosin oil is im]iereeiitiblc ; if a beaker be used it is greater, though 
very BUiall; but in a liasiii a large loss oeciirs. llesidue A is ne.vt warmed 
and sliaken, exaetly as before, will) leu tiuu# ile weight of iKi )>er cent, alcohol, 
%,e, with just enough to dissolve it if jiurc rosin oil, and the solution is 
again evaiiorated and the residue weighed. {Itesiihie ]>.) Both residues 
.contained the whole of the main oil jilits as much mineral oil as the alcohol 
used could dissolve ; but, as iu the second extraction le.ss alcohol was usetl 
than in the first, an insoluble residue remained, consisting of Uie mineral 
oil dissolved by the liilfereiice helween the two fjiiantities id spirit emjiloyed. 
Knowing tile weight of lids rcsidiie(— wt. o! .-1 -wt of o) and the we.iglit 
of the alcohol in wliich it was dissolved, the solubility of the mineral oil 
can be calculated. The neiglit of mineral oil iu residue It is thus found, 
and the dilfereiice is Ihe weight of rosin oil in the 111 gnus, of oil taken. 
Storch found by experiment that tliis result is a little, below the truth, .and 
that the isirrect resiiit is more tieaily tlie mean lietween tliis figure ami the 
weight of residue II, 

• Example. 

11‘22 gnus, of iidneral oil coiiUiiiing 10 per cent, of ixisiii oil were lalteii. 

/ireis Uviii*. 

1st Extraction, , . Alcohol used, !>0-0 Residue d, I'.hlSb 

2nd „ . ■ o 1 •!'''>» > 

Difl'erence.s, . . . Alcohol, S^t Mineral oil, '3i')52 

Therefore, lit-,') gnirs. of alcohol dissolved OXM grin..of mineral oil, and 
therefore Ifc.'i gnus, of alcohol dissolved 0T.'i95 grm. of mineral oil. 

Deducting OdfiOb grm. from the weight of msidueyi leaves O’SiOSO gnu., 
or K’90 per cent, of rosin oil. Residue II witliout this correction is 
eiiuivaleut to 10-32 [ler cent. The mean value is i)-e0 ]ie.r cent., which is 
.hot far from'the truth. 

(</) Determination by MTlhiney’s Method.'—This method depends 
upon the fact tlmt nitric acid, when heated with rosin oil, emiverte it 
into a brittle red resin, wliilst mineral oil is not miieli affeeted. The 
red resin is insoluble in petroleum ether, in which the 'oineral oil 
.easily dissolves. 

' 50 C.C. of nitric acid (sp. gr. 1-2) arc heated to Isiiling iu a Husk of fdb c c. 
capacity. The Haiiie is removed and 5 gnus, of the oil are dropped in. The^ 
idask is then heated oii the waler-hath, with freipunt shaking, for fifteen Ui 
twenty minutes ; alxml tOO c.c. of cold water are then added, and the liipiid is 
' Blade quite cold. The unchanged mineral oil is thfti di.siolvwl hy shaking 
r’srtth petroleum ether, which is separated and distilled olf iu the usual 
'iMliuer, and the i-o.tii(lual*oil is weighed. As miueral oils lose slxiut 10 
Jier ceiit. ^icn thus treated, the weight obtained, divided by 0'9, gives the 
ftaiouiit of mineral oil iu the quantity of oil taken. A mixture consistmgof 
.re per cent, mineral oil and 24 per cent, rosin oil gave, by this method, 
■ff6‘8 per pent, of mineral oil. 

sr. Aiacr. C/icm. Soc., xvi. (1896), p. 385. 
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T,~.DETERMINATION OF PARAFFIN IN MINERAL OILS. 


The following nictlHKl Ms due t() llolde (afOer KwjUr and Biihm), 

It will seldom be re(|uired, but may ocmionally }»o found useful. 

10 to 20 C.C. of <als po(»r in ])araffin (IlusHiau vUi., betting bebw 

-.V (J.), <> gi’ias, of such jus arc rich in tliarcoiistiunait (American, Scotch| 

or (.hiliciaii oils setting at or iiUwv. 0" (.5.), an* treaU*(l, at the ordinary 
temperatni’e, witli a mixture rtf 9B*r) per cent, alcohol and anhydrous ether 
(1 :1) until a rdci^ solution is obhiined. Tin* lirjuirl is rutoled in a freezing 
mixture itf ir'.e and salt to about -20" to -21'' (h, wlu'u m<«*e alcohol-ether w 
gradually added, with thorough agitaliiui, unl-d no oil drojis, but only solid 
]iaraflin flakes or cry.slals, rmnain in su.spcmfiou, and then, wliiUt still 
cooled lo at leaM, 19' to 21” <h. the liiiuid 
is pimied on tn a rdiilli'rl 0 cm. Hltr*r jiajwr, 
jne.vnmsiy moisteiierl with the alcohol-ether 
mixturr*, which is rynilained in the aji- 
])aratus shown in fig. "4. Tin; jawipitate 
i.-. washed with cohl ( -19" to -21" C.) 
alcohol-r'ther (1:1; or f‘>r soft pamfijn 
2:1) at a temjiemture as much Irolow 
'15' C. as jiossdde. lii the rase of soft 
jiaviilVm, tlu' temperatUR* should average. 

-18” U) 19" at llic liighesl. In washing 
the precipitate it i.s ivjK*atedly stirml up, 
and as souii as a- fO r^c. (d llm iiltmlo 
le!i\es on evaporation only a Inwe of fatty 
or jiaradin-like residue, solirl anrl not oily 
at the ordinary tempe.raUm*, the washing 
is diM'.ontiiiueLl. If any doubt cxisU as 
to the ]>aralUii being thoi-ouglily frcH*.rl 
from oil, or if the washing Uikes Uh) hmg, 
tho filtr*r should be removc'd to another 
funnel, and the contents dis.solved into a 
small flask with the least ]»oHsihle ipiantity 
of benzine. After evaporation r»f the 
benzine, ihe paraffin is redisaolved in 4 
to 5 e.c. o^ warm etlier, which is then 
mixed with twice its v>lume of ahsolntt; 
alcohol, vigorously stirred, and c<K)led Lo 
-18” to -20° to reprecipiUtc the paralfin, 

^hich is again filtered and waslied, as 
already cfcscrihcd, until free from oil. 

This repvecijiitatiou is^necessavy for oils 
contairung much soft paraffin, otherwise 
«o nmcli lioiiid is used in washing the 
jireeipitate tliat an appi-eciahll; miantity , . .• 

naraffin.is dissolved. 'Hie purined paraffin is finally dissolved into a tare^ 
ii'sk with hot benzine or ether, which isdi8tille<l off, ami the residue is heater's 
on the steam-buUi until the si^ell of benzine or ether has (iiwippeaw^,:^ 
The flask is then heated inside the water-oven for a (|uarU;r of an hour 
weighed when cold. Prolonged heating causes loss of paraffin. The wlwk j 

^ Jo«r. ^c. Ckem. I-ad.j xvi. (1897), p. 362. 
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operation occiijiiea from one to two liouis. Duplicate results with the same 
sample agree within 0’23 ]H‘r eent. for hard paraffin and 0'3.3 per cent, for 
.soft paraffin. Twosaniple,s of Uiissian luaehineoil yielded O’lM per cent, ami 
0’36 per cent, of ])iu'allin, resjieetively. An Aineii'an sjiiiidle oil, fluid hill 
thick at +2” C., and which set -at U" was found to contain 4’11 per 
cent, of paraffin. 


U.-ASPHALT AND EESIN IN MINEKAIS OILS. 

Such slight tondeiicy to'giiin’ ami form stiely or rcsimms 
deposits as is posseased hy imvo niiiioral liibrieiiting oils is altrilmted 
by Holde' to tlic jircsi’iiec of diasolvoil siihstaiicos of a resinous, 
asjihaltic, or pitchy nature, which griMlually acciimnlatu in and 
thicken the oil Him, whenever the rouditions of working are such 
that cvajxiration of the fluid eonstitnonts of the oil ean take. ])laeo. 
Those .substances are eom])o.sisl, ehiefly, of earlioii and hydrogen, witli 
small quantities of oxygon and snlpliur, and are regarded liy Ihigler 
as oxidation products. They oceiir, ehiefly, in tlie (lark-eolourcd 
‘ reduced ’ oils ; in the ])meosses of distillation and refilling to which 
the pale oils are snlijecled they are for'the most iiart eliiiiiiiatod. 
Holdo divides llieiii into three claiises:— 

1. Eesins, soluble in 70 per cent. Alct^l.—Tliese .snhstaiiees, 
which arc olitained by sliaking the oil with 70 per I'ciit. uleobol ami 
evaporating the solution, resemble eolopliony in ap|ieariiiice ; but 
instead of giving a violet colour in Moinwski’s test with acetic an¬ 
hydride and sulphuric acid (p. flOh), a yellowisli-hrown or dirty-brown 
colour is produced. .Some liave acid cliaracters and soap-forming 
properties; oliiers are neutral. Acconliiig to Holde, badly reiined 
mineral oils may contain as mueli as .’hr) per cent, of these resins; 
but, as a rule, the iirojxirtioii dmis not exceed O'G per cent, in pale 
oils atid 1 per cent, in dark oils. Some of those resins are soluble 
iu petroleum spirit, others are insoluble, but they all dissolve com¬ 
pletely ill alcoliol-etlicr (-1 ; 3 and also 3: A). 

2. Asphalt, insoluble in Petroleum Spirit.—Bender - found that 
dark-coloured mineral oils, wlicn dissolved in petroleum spirit and 
allowed to stand, deposit a snlistancc which, when collected, washed, 
and dried, is a fine powder resembling dark brown coal in apiiearanec, 
having a slightly bituminous smell, and burning witl), a smokj 
flame. This substance dissolves easily iu benzene, and is of the 
iiature of asphalt. Holdo finds that the amount of asphalt thus 
obtained from mineral,, oil depends upon the ap. gr. and boiling 
point of ttie petroleum spirit used (being largest with spirit of low 

•wiling-point); upon the relative volume of spirit used (which should 
...oe large); end. ujxm the time of standing (which should be at least 
twenty-four hours). The asphalt, whic'n usually exists dissolved and 

* Jmr, Sot, Chem. M., liii. (I89‘l), p. 668 end xiv. (1806), p. 86L 
“ Oid., X. (1891), p) 35f. . , 
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not'suspended in tlie oil (the suspended particle^ seen in dark oik ' 
beinp, <diiefly, j)ai'atfin eoloured witli asphalt), at first liissolves along 
with the oil in the j)etrolcum spirit; oidy on standing does it 
8oparat(: out, and the less there is in the oil the lunger it takes to , 
preeipitate. llolde states that, except as a colouring agent, the 
influence of this asphalt at oi-dinary temperatures is siuall; hut, when 
the oil is used at toniporatnros and under eonditions in which the 
fluid liydrooiu'hons crui evaporate, the asfAialt and resins, aecumnlating 
in the film, cause it to hceomo thick and sticky, and ultimately dry 
and resinous, 'J’Ik! largest amount of asphalt, amounting to 5 or 6 - 
per cent., is found in (ierman (Alsatian and Hanoverian) oik; the 
snifdUist (piantity is mot with in American and Rus.sian oils. 

Asphalt-Pitch insolnhle in Alcohol-Ether (4 :3).—By dissolv¬ 
ing dark mineral oils in a mixture of aleohol and etlier, Uolde has 
obtained as an insoluble residue this subspiue,e, wliieh ineludes the 
asi>halt preei]iitate(l liy petroleum spirit, hut is mueh more fusible, 
resembling soft ]>iteh. The amount obtained from a given oil in¬ 
creases with the jiropnrtion of aleohol in the solvent. With the 4:,3 
mixture, the amimnt of asphalt-])iteh obtiiined from llnssian oil. 
ranged from O'lR per eent. in a distilled imu-hinery oil to 6'7 per 
eent. in a railw.ay oil ; a thiek luhricating oil from tlolheiin gave ll'l 
per eent,, and a very thick crude petroleum from Wietz(! gave 15'4 
per cent. 

I'Vir the detection and determination of these substances, Holde 
proceeds as follows : — 

(a) lirahitistiliibh’ in 70 per rnU. AJmhol. —R-10 c.c. of the 

(fil are well .shaken in a test-tube with an eipial volume of 70 per cent, 
alcohol (sp, gr. O'HHOH), the mixture. Is'iug heated. It is then made quite 
cold. After conijileU; sejxiratioii has taken place, the alcoholic liquid fa 
drawn off, without, loss, and evajiorated to dryness in a tared beaker 
wintaining a glass rod. When lairfee.lly dry anil ixild, the eoiisisteiicy of the 
residue is asrc,rtanie.d by feeling it with the glass nwl, and if sufficient in 
ammmt to be worth weighing, it is weigheil. Theqiiantity of natural reain 
thus olilained from .a ]iale, mineral oil shimhl not, .says llolde, exceed 0'3 
per ce.nt.., and from a dark oil I’t) per amt. If a ((naqtity notably in excess 
of tliese b(* obtained, the treatment with 70 iie.r ee .. alcohol should be 
repealed until the. wl-de of the resin has been extracted, and after 
weighing the residue it should bo tested by the, Lielierniaim-Morawski 
reaction in order to asexirlain whether roloiilumy has been added to the oil. 
rfTlie addition of eulophony would, however, raise the acidity of the oil; 1 per 
cent, of aeidity as oleic acid lieing c([uivaleut to about 1'24 jier cent, of 
colophony. If, tlierefore, the acidity of a mineral oil (determined as 
descrilieti on ]i. '21(i) be less thanOT per cent., not more than 0T2 per cent, 
of colophony lain be jiresent. « 

(t) llete.etioj\,and Iklmnh^lirm oj AsphaU ,—About 0'5 c.c. of the oil i* 
shaken-in a test-tube or small flask with 40-,'50 c.e. of petroleum spirif- 
1 liling lielow 3.4’ C., aud allowed to stanil. In the presence of asphalt, ’ 
dark insoluble flakes a]ipear, #ither immediately or within twenty-four 
hours, whieti, when collected oii a filler, resemble asphalt in appearance and,- 
whikt freshly precipitated, dissolve completely in coal-tar benzene. t 

To determine the amonfit, from 1'5 to 3 grins, of an oil rich in asphalt, fir 
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from 5 to 20 grins. (V an oil ]M>«ir in iwplialt, are diHsolved in from 300 U) 
§00 C.O. of ]>etroIenni 8])irit and allowed to stsuid for at least twenty-fonr 
hours, when th(‘. gi'euitn* part (d tlie j)rceij)iUile will liave settled. The elear 
liquid is then dec.anii*»l through a small filter-|)aper, and the precipitate is 
brought thereon and well washed with ju'trolenm spirit until the tiltiate leaves 
no oily residue on eva]>or:iUon. The Jisjdialt is then immediaUly ^ dissolved 
off the filter hv means <d pure benzene, the sfdution is evanorated in a 
tared disli^ and the r(!snhie js dried at loO’ C. aud weighed. Dnjdicatu 
expei'ime.nts with the .same i il arc said to agree within OT j>er cent., 

f rovidt-d the same de.s(;riptioii of jHitrolemii sjurit is used, hut not otherwise. 

or exanqilo, an Alsatian oil gjive with iM*troleum sjtirit boiling between 
00'' and 80" only ii‘1 per emt. of as]»hall, but tlie ."aiue oil with spirit 
distilled Ix'low fiO" 0, yielded 5*5 jier e^iiit., and with .'*piriL boiling below 
4r C., 5*7 per eenl. <•!’ asphalt. 

(r) Detectimi and Pderniivahon of Asyhali-riti'k. —If about 0*5 c.c. of 
theoil be dis.'^olved in 5 e.e. of ether, aud 7 ae. of ahs<»Iute aleidad be added, 
both the asphalt aud tin; «)ft j»iteh s^^parah^ in lliehu'in of akmacious depo-sit 
which clings U* the sides of ihe glass. Tins deposit is entirely s lul)le in 
benzene. Petroleum s]>int dissolves the jatcli aud leaves the a.sphall. 

To determine tlie amouiil, 1-2 gnus, of the oil is dissolved in 30 to 40 c.c. 
of alcolioi-ether (4 : 3) in a we)l-st(»pj)ered flask, and, after well shaking, the 
flask is allowed to slaml for one or two days. The solntion is l,licn pouretl 
through a small lUter. and the flask and ffl^g* are well washed with the 
alcoholic ether until the filtrate leaves no (»ily residue after evaporation at 
the ordinaly temperature. Then the asplialt^jiitch clinging to tlie sides of 
the flask, aud any thaf Inis found its way on to filler, are dissolved in 
the least ]) 0 .s 8 ih}c (piuutitvjit hot benzene, which is eva})oraLed in a tared 
disli and the residue weighetl after drying at 100“ 0, until constimt. 

Small (piaiitities of resinous and tarry matter are obtained from 
most mineral lubricating oils by boiling with alcoholic soda solution, 
as in the process for dcU'nuining the amount of saponifiable matter 
(E, II., p. 228). Afk'i* the alkaline liquid has been freed from all 
mineral oil by shaking with ether, if it he aeidified and again shaken 
wTth ether, and the latter drawn off and evaporated, tlie resinous 
matter is obtained as a more or 1 cs.h dark-coloured residue. 


V.— CAOUTCHOUC IK MINEEAI. OIL. ' 

, Caoutciiouc is sometimes dissolved in mineral lubricating oils to 
produce a factitious viscosity. In a case investigated by Holde,*' 
.■3 f^r cent, of caoutchouc was found to have iiUTeased tlift apparent 
vieoosity of an oil from 21*2 to 117 (Kwjl(nr)f The adulterated oil 
^was of an adhesive or tacky nature, pulling up in threads when 
touched- • Jf'wtod in a “Martens' machine, tiic eoeffieient of frietioii 
mm found to he so high, and the rise of temperature of the bearing 
^ rapid, as to condemn the oil a.s a lubricant. By dissolving the oil 
a mixture of alcohol, 3 parts, and eklier, 4 parte, the caoutchouc 

[ If afluwed ti stand, thf pi-ecipilate is apt to become less soluble in benzene. 

* HU UnkrsuchMng der Selmmrmitkl, p. 122. 
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was left insoluble, and the aimmnt present was dc^rr.iined by colleot- 
ing the insoluble flakes, wasliing, drying and weighing them. 


W.— DETECTION OF SOAP AND INOE&ANIC SUB¬ 
STANCES IN MINEEAL OILS AND GEEASES. 

For the detection of soap in lubriejuil^the determination of ash is 
a vabiaijio guide (see p. .‘10*1). As a further tost, about 0*5 e.c. of 
the sample niayilio shaken with 5-10 c.c. of petrulomn spirit (redis¬ 
tilled below 7.5° (k), until dissolved or thoroughly disintegrated. 
Two cases then present themselves : -- 

(a) A clear mlnlion w oUaived. -Add 1 c, 0 . of yehweitzer and LimgVBtz’s 
I'oagc.iit (a .s,'il,urati'<l sobilion of mcbiphospboi'ic. acid in absolute alcohol, 
nmdc by sliiikiiig escess of the [siwdeivd ;e:id with alcidiol in a .stoppred 
bottle).' If soitii be, present, even in traces, a llocculent jirecipitate will be 
produced. 

This test was specially devised for the detection of siiiall ipiantities of 
abnniiiiinii .soap (‘ visconi,’ ‘ gelatin’) which are sometimes added to mineral 
oils to jiroduce a factitious viscosity. The reaction depends U])on the fact that 
whilst free inetit]ilios]ihoric acid is soluble in alcohol and in ether, aluminium 
nieta])hos]ih!ite and the nielajihosphates of the alkalies and alkaline earths 
are imsoluble. The authors of the test liave proved by experimeuts with 
a large number of lived oils and fats, mineral oils, rosin oil, vaseline, etc., 
tbat if no soap be present no jireeipitatc is obtained in twenty-four hours, 
.Some waxes, liowever, also ozokerite, are ])recipilaled from their solutions in 
ne.trolenm siiirit by absolule alcohol; therefore, if pure absolute alcohol (free 
from j)lins|)iiorie acid) he found to give a precipitate, the test must be re¬ 
pented, using ordinary ether as the solvent and a solution of iiietapliosphoric 
acid in ether as the reagent. 

{hj An insoluble residm remains. —Dissolve, if necessary, a larger quantity 
of the suhstance in more petroleum spirit, filter through a small filter paper, 
and wash with petfoleum spirit until all .soluhle oily matter is removdS, 
Tlicn drive otf the petroleum spirit by evamiratioii, transfer some of the dry 
residue to a small tesl-tuhe, and heal it with dilute hydrochloric acid. Soap, 
if present, will he decnmpo.scd, and the fatty acids set tree will he seqjl 
floating on the liquid, either while hot or after cooling. If the result he 
uneertain, sliake. the cold liquid with a little ether, draw off the ether'with 
a pipette, and evapirate it in a watch-glass to detect the fatly acid, whioi 
will crystallize on solidification, llesin would be recognized by ita phydeal 
characters. The base of the soap, whether aluminnim, calcium, soaium 
Ilad, etc., iijay bo deteebid by pouring the acid solution through n wet filtei 
and applying the usual tests. 

Another portion of tin? residue insoluble in petroleum spirit may be hurpl 
in a small platinum dish or porcelain crucible. If no ash remsinj tlu 
insoluble matter was free fronvaoap. If soap be brosent, an ash gionsutinj 
,-of the carhonaWor oxide of the metallic base will be obtained, 
y The residue insoluble in petroleum spirit may lamtain, besides soap, otbet 
Buhs.ancc8, such as graphite, soapstone, chalk, lime, barytes, starch, etc, , ■, 
' OraphiU would he recognized’by its blackness and lustre. It would b 
ditlicnll to burn, requiring a high temperature or a stream of oxygen. Sda^ 
' dour. Site. CAem. Ind., xiii. (1894), p. 1178. 
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sione aiid woiVlil mil. ilissolvoin ililiiU' liyilroclilorir, acid, and cfinld 
be filtered oti'and idontilied by the usual qualitative tests. Free Him would 
give a red colour with pbenoljibthaleiu; eluilk would not, but wmuld 
efFei'vesce on adding auiil. SUtidt would be detecteil by the 'lilue colour 
with iodine. 


X.-DETERMINATION OF ASH. 

s 

The ash of any oil or fat free from water may bo detormiijod by 
weighing 10 gnus, in a tivred platinum dish, plaoiim the dish at the 
mouth of a gas mnllie heated to dull redness, and, as soon as the 
oil begins to smoke, igniting it with a match. The dish is then 
placed in such a position that the oil will burn quietly away, 
most of the smoke being drawn into the mnflle (which is perforated 
at the hack). VVlion nothing hut a charred mass remains, the dish 
is placed inside the mnllie until the carlion is completely burnt oti, 
then carefully rojuoved to a desiccator to cool, and weighed. The 
particles of ash are often very light, and may easily he carried away 
by currents of air. 

In 22 samples of pure mineral oil examined by Arelibutt, mostly 
darks 3 olonred machinery oils for railway work, the percentages of ash 
were:-— mnaimimi, 0'065; minimum, 0'0(12; ace.raiji', O'Olf). In 3C 
samples of dark cylinder oil, the following percentages were found 
maxiniuut, 0*0H0; vtiniutum, 0*002; avera^, 0*023. These ashes 
were generally red in ceJour, an(f .probably consisted largely of oxide 
of iron from the still. Pale, refimxl, mincnil oils may he expected 
to leave mnoh^iss ash than the majority of these skmplca. If a high 
ash be found in a pile mineral oil, an aluminium soap (‘viseora, 
‘ gelatin ’) may have been added to produce a factitious viscosity ; ir 
that case the ash will consist, chiefly, of alumina. 

. Pure fatty oils and fats leave mere traces of ash, hone fat, whicl 
contains lime, being an exception. 

Soap-thickened greases which contain water should first bo hoatoc 
over a very small flame and stirred with a platinum rod until alt the 
water has evaporated. The dish, and the rod which ..diould liavi 
been weighed with it, are then jihieed in the mouth of the mnflle anc 
treated as above directed. In the presence of soap, ‘more or loss eon 
siderahle quantities of ash will be obtained, consisting of calcium oi 
sodium carbonates, etc., etc., according to the nature of the soap. ‘ 


Y.-DETECTION OF NITROBENZENE AND NITRO- 
' NAPHTHAIEWE. 

* 'These compounds arc used for the pnqwsc of disguising th( 
presence of mineral oils, by destroying their fluorescence or ‘ bloom. 
Nitrobeijzeno is easily recognizable by its powerful and charaoteristy 
pdour.of oil of bitter almonds, but nitsouajihtlialeue cannot "b( 
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letected by its smell. Grea.ses are frequently with nitro- 

jenzeiie to disguise the natm*e of tlie fat or oil used in their prepara- 
don, For tt.c deteciiion of nitronaphthalehe, the following test, 
lependiug upon its reduction to naphthyhnnne, has boon proposed- 
3y Leonard ^ and by Holdc.^ 

A few cubic centimetres of the oil are warmed in an Erlenmeyer flask 
with zinc dust aucl dihite hydrochloric acid, and the mixture is frequently 
igitated. During this process, the fjocal ^»dov.‘ characteristic of ouiaphthyf- 
imine will bo perceived. After the reduction is complete, the contents of 
the flask are iKJUjcd into u separating fimiieh and the acid liquid is drawn 
3ff throu|^h a niter paper into another separating funnel. It is there treated 
with suflicient caustic soda solution to redissolve the zinc hydrate at first 
precipitated, and, after cooling, is shaken with ether, which dissolves the 
liberated a-naphthylaniinc, the presence of which is indicated by the violet 
colour and fluorescence of the etheieal solutioii. The latter, after drawing 
oft* the aqueous Inpiid and waelung with water, is evaporated to dryness, 
leaving a residue of the violet-coloured Iwse. On treating this I’esidue with 
a few drops of liydrocldonc acid, the chloride is formed, which remains 
[>artly insoluble and ])artly soluble, but, on evaporating the excess of acid 
and {idding water, a clear aqueous solution is obtained, in which ferric 
chloride giv(» an azure-blue precipitate. When filtered, this precipitate 
becomes ])urple-red, and the tiltmte blue-violet. Instead of treating the 
residue with hydrochlori«i ac.id, and testing with ferric chloride, it may be 
dissolved iq a little alcohol. On then adding a drop of a solution of sodium 
nitrite acidified with acetic acid, a yell(w colour is produced, which is 
changed to crimson by hydrochloric acid. 

Nitrobenzene,*if present, is reduced by the zinc dust and hydrochloric acid 
to i^niline, which is obtained on evaporating the ethereal solution as described 
above, either juire or mixed with a-naphthylaiuine, according to whether 
nitronaphthaleiie were simultanwmaly ]>re.seDt or not. On treatment with 
hydrocfiloric acid, pure aniline dissolves readily, and on diluting and adding 
ferric chloride a green precipitate is produced, which afterwards turns deep 
blue, ami does not become purple-re<l even on long standing; the filtrate, 
instead of being blue-violet, is yellow. When o-uaphthylamine and aniline 
are present together, the precipitate is at lirst azure-blue, afterwards dirty 
red-hrowu, finally purple-red, and the filtrate is violet. 


Z.~DETECTI017 AND DETERMINATION OP WATER. 

« 

Tfie presence of water in pale oils is indicated by tbo appear¬ 
ance of tiybidity, or by actual visible drops of water wliieli sink in 
the oil, instead of rising as air-bnbblcs do. Water in greases is 
indicated by the frotldng and crackling whicli occurs when a sniall 
ciuaiitity of the grease is lioatcd in a dry test-ti*bu, and by tlic con¬ 
densation of drops of wafer on the upper, cool part of tlie tube; 
whilst -the grease, if free from water, will melt ijnietly to a clear ^uid. 
U more delicate tost for tlie presence of traces of water in oils 
(especially dark oils) is recommenced by Holde. A small quantity 

' Ghem. Nma, Ixviii. (U93), p. 297. 

7 J&ur, Sac, Chew, hid., xiii. (1894), p. 906. 


2ft, 
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(3 or 4 ci.) of the oil is placed in a small dry test-tube, the interior 
of which if} first coated all over with a film of the oil. The end of 
the tube containing the oil is then hciitod by being i.nmprsed just 
below the surface of a paraffin bath at IfiO^-lSO C., when, if the 
sample contains water, the vapour will oondeiiHe on the cool, oily, 
inner surface of tlie tuinj, above the level of the oil, forming a visible, 
cloudy emulsion. 

The determination of water*in lubricating greaBea may be made by one of 
the following inethocU 

1. 1-iy healiitg in an air-hath at lOS”-! 10" About b-10 grins, of the 
well-inixal gfcase are placed in a Binall tarwl beaker, and the exact weight 
is Lakoii. '1 no beaker m then heutetl in the air-bath at ]05°-110“ 0. until 
frotliing has cease<I and the grease has melted down to a clear oil free from 
visible drops of water. It w tlien cooled and re-weighed. 

2. By dining with a Ihcmwnu’ltr over a nakifd Jlawe, —100 grins, of the 
grease arc heate<( in a weiglud porcelain basin over a small flame, and con¬ 
tinually stirred with a thermometer at a Uuniferature not exceeding 105" C. 
(221" F.), until frothing has ceiBwl and the grease is in calm fusion. The 
basin and contents, wlieii <’old, are reweighed. If the thonnometer bulb he 
well drained into tlie iKisin whilst hot, the small (puuitity of adhering fat 
may he neglected ; or, the bull) may l>e wiped with a small piece of filter 
paper counterpoised with the basin. ^ 



CHAPTEK VIII. 


TIIK ,SYSTEMATIC TESTING OF LUIiltlCANTS liY FIIYSICAl 

AND CHEMICAL METHODS, 

Thk aimlyticiil exiuniiiation of lubricants is conducted with different 
olijects and on different lines according to tlic nature of tlie sample 
to he tested. If this he an nndescrihMl oil, the primary object is to 
ascertain wliether tlic suhstance is a hydrocarbon oil free from fixed 
oil, a fixed oil or fat free from hydrocarbon oil, or a mixture of the two. 
An nndescribed hyilrocarlHni oil may he a mineral oil from petroleum 
or shale, a rosin oil, a eoal-Uir oil, or a mixture of these. A mineral 
oil is subjected, chiefly, to physical tests to ascertain its viscosity, 
flashing-i>oint, etc., in order to detennine whether it is suitable for 
use as a spindle oil, a machine or engine oil, or a cylinder oil; and to 
such chemical tests, in addition, as will show whether the oil has boon 
sufficiently refined, and is free from acidity and from rosin and coal- 
tar oils. A fixed oil, .such as rape oil, olive oil or tallow, is tested 
first of all to ascertain whether it is sufficiently free from acidity 
(see p. 'il8), and then more elaborately to prove whether the 
sample is genuine or adultcnited, and especially whether any oil of 
drying or semi-<lrying character has been added which would tend 
to increase the natural tendency of the oil to thicken or gum by 
oxidation. A mixed lubricant (which includes most greases) con¬ 
taining both hydrocarbon oil and fixed oil, in addition perhaps to soap, 
wate’-, etc., is first‘tested qualitatively to find out the nature of the 
main ingredients, and then a more or less complete quantitative 
analysis is ^lado with the object of uBoertaining the composition of the 
mixture. The information thus obtained may be supplemented by 
viscosity and other tesis, as in the case of a pure mineral oil. 

A.—UNDESCBIBED OILS. 

The nature of an nndescribed lubricating oil, if simple and not a 
.mixture, is almost always indicated by the smell, taste, or appearance 
.'{colour, fluorescence, oongistency, etc.). How much can be determined 
in this way in the case of a mixed oil depends upon the experience 

OA*» ® 
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of tlio observer. The sraotl is best otrserved by pouring a little of the 
oil into tk,i palm of the hand, rubbing it with the fingers, and 
smelling the warm oil. Somctimc.s the oil may with fidvantage be 
heated in a capsule or small tiasin. 

The specific gravity of the oil may no.xt be taken, by the bottle 
method (p. 173) if tlio oil be a thick fluid, or by the Westphal 
balance (p. 175) if it be,a thin ttuid. lieference to the following 
table will then show U) wlKpli class the oil, if pure of its kind, can 
belong:— 

ScBCiKic (Ihavitibs at 60’ K. ^ 

Vegetable and animal oils, . . 0’879-0‘9G8' 

Mineral oils from petroleum and shale, 0'860-0-990''^ 

Uo,siu oils,.()-960-l'01 

Heavy coal-tar oil (grease oil), . . 1'U65-1'100 (i/arsf) 

A pure rosin or coal-tar oil will be recognized by the smell and 
high specific gravity of the sample, and it will only remain to apjdy 
confirmatory tests, such as the acetone test (p. 29.5) atid '^'e 
biebormaun-Storch test (p. 393) to identify iDsin oil. The kejy. 
characteristic smell and high specific gravity' of coal-tar oil is snfiidient 
to identify it without further teat. < ' 

The probability is, however, that the simple %ill turn out to be 
either a mineral oil, a fixed oil, or a mixture of the two, and to 
distinguish between them in a preliminary way the tests described 
in Cha{)ter VII, section H. (p. 219) may lie applied. The further 
inve.stigation will be then found in one of the following sections. 


li.—MINERAI OILS. 

By large coasumers, mineral lubricating oils are usually purchased 
to specifications describing the character of oil which has been found by 
practical experience to be the most suitable for the jiurpose required, 
and the object of the examination is, then-fore, to ascertain whether 
the sample possesses the specified characters. Such specifications 
should state whether a natural, reduced, or refined oil is required,. 
what the viscosity, specific gravity, fla.shing-point, and setting-point 
must he, and the degree of purity necessary. , 

Colour, Appearance, and Odour.--Whcthcr an oil is a natural, 
reduced, or refined oil is ascertained mainly by its appearance, but 
also to some extent by other tests. Natural and reduced oils are, 
usually • dark in colour and opaquc,‘ brownish or greenish by 
reflected light, and often fluorescent Refined oils vary in colour 
from pale amber to orange or depp rod, are generally fluorescent, and 

’■Vegetable fats (Japan wax, palm nut oil) have a higlier ep.- gr. (see Table 
XLII., p. 184). 

^ The ep. gi-. of minentl lubticatibg oils rarely exceeds 0'847. 
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are either porfuotlY bright and traiiBpareiit (spiudlo oils hind some 
engine oils) or merely translucent (charcoal-filtered cylinder oils). 

For the sake of uniformity, the colour and appearance should ha 
observed under staiidai'd conditions, «.</. in a ]-inch (Lovibond) glass 
cell vvitii parallel flat sides, held first between the eye and a window 
(appearance by transmitted light), and then with the observer’s back 
to the window (a[)poarauco by reflected light). I'diiorescence may be 
observed by looking down into the ccll.neld below the edge of a 
table or Ixmch fronting a window. Redfl'ood examines pale-coloured 
oils by means of Lovibond’s tintometer, using a 2-inch cell and 
matching the colour by means of coloured glasses.' 

Mineral lubricating oils should not have any ompyreumatie odour. 

Viscosity.—This is the most important property of a mineral oil 
which can be measured in the laboratory. The knowledge of it 
determines whether an oil is suitjible for use as a spindle oil, an axle 
oil, a machine or engine oil, or a cylinder oil. The determination is 
usually made at two temperatures, viz. at 60” or 70° F. if the oil be 
fluid at those tempcratnre.s, and, in the case of spindle and machine 
oils, also at 100” or 1-tO" F. In order to ascert-iin the extent to 
which the viscosity is aflcctcd by rise of temjicraturc, cylinder oils 
are conveniently tested at 100“ and 212° F; tliere is not much to 
be gained by making tests at higher temi>craturcs, though in 
Redwood’s viscometer a detennination can lie made at as high a 
temperature as 400” F. The determination should be made cither 
by Redwood’s viscometer (p. 144) or by Coleman’s (]). 147); the 
latter is most convenient for temperatures up to 212° h'. All results 
should be expressed, if (lossible, in absolute measure (p. 15!)) as well 
as in terms of rape or other known oil. The viscosities of a number 
of oils, in dynes per sij. cm., are given in the table on p. 167. 

Specific Gravity.—This is determined by one of the methods 
described in Chapter VI., section B (p. 172), and little need be added 
to what has there been said. The Irottle method is most suitable for 
the thicker nils, but the Westphal balance may be used for spindle 
oils and the lighter msichine oils. The specific gravity is of secondary 
importance in regard to the lubricating value of an oil, but it serves 
to identify the particular oil re<iuircd, and in some measure to detect 
the '.'resence of rosin and tar oUs. Where there is a choice between 
two or more oils from a given source, all liaving the required 
viscosity, preference should be given to those of lowest specific 
gravity. The specific gravities of mineral lubricating oils are given 
in the table on p. 185! 

Flashing-point and Volatility. —The flashing^oiut, determined 5y 
the Pensky or Cray teaters*(pp. 188, 190), should not be lower than 
300“ F. for outdoor machinery and 340“ F, for mill work. Cylinder 
oils should flash at temperatures w^ll above that of the cylinder in 
■ which they are intended to be used, say at from 450° F. to 600“ F. 
All oylinder oils should be tested for volatility by the method deseribed 
I'ltroleum, vol. ii. p. 696. 
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on p, 191' and should not lose more than 1 per cent, in one hour at 
the temperature of the steam from tlie hoilcr. 

Macliine oils may also with iidvantiige be submitted'to this test, 
and the loss of weight in one hour at, say, 370“ F. detenuined. A 
great differcuce will he found in this resi«’c.t between oils obtained 
from diflerent crude [letroleuni.s. The results given in the following 
table illustrate this; the four oils, numbered 1 to 1, being all 
Amcricfin udneral engine dUs of the red type. 


Taule LXX.Xl.X.—VoLATiuTV Tests oe MAcfiiNK Oils. 



1. 

2 . 

3. 

4. 

Viscosily (absolute), at 60" F., 

2-13 

2-99 

2 -.'>l 

fi-tR 

Viscosity (absolute) at 100" 

o-oe 

0-61 

0-61 

0-97 

Flasliiiig-point (closed test),. 

372” F. 

3.'j8° F. 

3.'-.6” F. 

346“ F. 

Lobs of tveight in 1 hour at 370" F., 

9-1 % 

L'i-2 % 

18-9 % 

26'7 % 


It will be noticed,, thiit the oils differ very much as regards 
volatility at 370° F., and that the volatility has no relation to the 
viscosity and very little relation to the fiashing-pbiuts of the oils. 

Machine oils flashing below 300” F. should be tested for volatility 
at 100” F. and 200” F., the test being eontinued until the oil ceases 
to lose more than 0'5 per cent, in one hour. A good lubricating oil 
should lofe little or nothing at these temperatures. A ‘natural’ 
mineral oil flashing at 200“-210” F. was found to lose 6 per cent, by 
evaporation at 100° F. and 17 per cent, at 200” F. 

Setting-Point or Cold Test. —This, in the case of oils (not greases), 
should obviously be as far as possible below the temperature at 
which the oil is to bo used. The test is, of cL.nwc, most important-in 
the case of oils for outdoor machinery, such as railroad oils. For such 
purposes, summer oil should remain fluid at 32“ F.', and winter pil at 
J 5“ F., if possible; but allowance must be made for American oils, which 
will not, as a rule, withstand so low a test. (See table on p. 200.) 

. 0«neral Purity and Freedom from Adulteration.— lii addition 
to the foregoing, there are certain tests as td which circumstances 
mujt decide whothet they should be made or not; these arc for the 
deteotiOB of impurities, unacknowledged additions, or adulterants. 
The chief of such substances to be looked for in miflcral oils are: 

. (o) Soap. -7- Every mineral oil which has a non-homogeneous. 
appearance, or an unnatural viscosity, or which exhibits a tendency’ 
to form threads in dropping, shoidd be tested for soap by the methoi^' 
described hi Chapter YII.* section W (p. 303). If soap bo found, i]6s , 
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nature can bo aacertaiued by the analysis ot the ash (sue p. C04; also 
section E, p. 324). By well shaking some of tho soap-thickened oil 
with dilute hj drochlorie acid in a stoppered bottle heated by immersion 
in hot water, then pouring the contents into a separating funnel, 
drawing off the acid, and well washing the oil with hot water, the 
mineral oil can bo obtained in its n.atural state and its true viscosity 
determined. 

(h) A»h. —Every mineral oil loaves some ash when burnt, but the 
quantity is usually minute (see p. .'104;. In an oil the origin of 
which is unknowji, the amount of ash should always be determined. 
An abnormally iugh ash indicates either the presence of soap or im¬ 
perfect refining. 

(c) Fixed Oil or Fat. —An oil sold as a pure mineral oil and at a 
low price is not likely to contain a fixed oil; but special brands of 
mineral oil, ospocially cylinder oil, not unfre()uently do contain an 
unacknowledged small quantity of animal or vegetable oil to which 
some good or bad (juality, revealed in practice, may be due. There¬ 
fore, in testing an unknown oil alleged to be purely mineral, it is 
always desirable, sometimes most necessiiry, to prove the absence ot 
fat by careful chemical analysis. For this purpose lluhomann’s tost 
may be used (p. 219), but the qmuititative method described on 
p. 335 is the only absolutely cci'tain test 

{il) Afiditi/. — Any refined mineral oil conUiiuing more than 0'2 per 
cent, of total acidity, calculated as oleic acid, should be tested for 
free mineral acid (usually sulphuric). The method is described on 
p. 217. It is seldom necessary to test natural and reduced oils. 
Abnormally high acidity may, of course, Ik! due to the presence of 
rosin acids contained in rosin oil added iis an adulterant; therefore, 
time might be saved by testing for insiu oil before testing for. mineral 
acid. Rosin acids can, if desired, be isolated by the method described 
on p. 238, 

(e) Koein Oil. —The methods of detecting and determining the pro¬ 
portion of this adulterant are described at pp. 293-395. 

if) Gumming Projiertij. —This is scarcely a property of pure 
mineral oils, as such oils do not gum like the fixed oils. The 
remarks under this head on pp. 272-278 should be read, where the 
causes which may lead to tho formation of deposits by mineral oils 
are discussed. If there be any reason for investigating the tendency 
to form a ^ummy or sticky residue wliich a pure mineral oil may 
appear to exhibit in practice, the ‘film test’ described on p. 266 may 
Jbe used. In some esses it may be desirable to make such a test 
upon a surface ot steel or other metal, or upon a fainted surface, ^ 

- Asphalt and Tar. —Lfttle need be added to what has been said 
.m.Cliaptcr 'VIL, section U (p. 300), except that tho special tests for 
thase bodies are seldom necessary in the case of Russian and 
American oils, and need only be made if the practical results indicate 
•their presence in an objectionable degree. 

- (A) Caoutchouc. —According to the authors’ experience, this is a 
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rare adiii'ixture. If, however, stickiness or imnatiiriil viscosity of 
a mineriil fi\\ he fimiid, iiotwitlistaiiding the absence of soap, then 
caontchouo should lie searched for. .See p. 302. 

(i) Muchaniral Imjmriiief .—(Irit and dirt in a niiiieral oil would 
be deteetod by straining the oil tlirough tine wire gauze or muslin. 
Water is detected by the tests describtsi in section Z (p. 305). 


(’.-FIxilD OHS AND FATS. 

The most ini|)ortant and useful physical and chenneal data for the 
recognition of the lubricating oils belonging to this cla.ss arc included 
in the Uvble on pp. 3H-31.5, and in the following pages hints for 
the examination of each oil arc given. 

The first test to make in e.\ainining any fixed oil intended for 
lubrication is the determination of aridilij. This is especially im¬ 
portant i?i the ease of olive oil, billow, palm oil, and coconut oil. 
The two hast, as commercially met with, arc usually quite unfit for 
lubrication. The more delicate and intricate the machinery, tlic 
greater the need for selecting the least acid oil, and the smaller the 
maximum amount of acidity pcrmissiMc; for no machinery .should 
oil be used containing more than d jier cent, of free (ol^) acid. The 
reason for this statement and the metlnHls jpf delerminirig iicidity will 
be found in Chapter VJL, section A (p. 210). 

Wool or cloth oils arc not here alluded to. They often contain 
very large amounts of free fatty acid.s ; indued, commercial oleic acid 
is used as a wool oil under the name of ‘oleine’; such oils arc quite, 
unsuitable for the lubrication of machinery. 

Bape Oil. 

Refined rape oil for lubrication and burning should be clear, and 
pale yellow in colour. 

The total acidity, calculated as oleic acid, should not exceed 3 per 
cent. Of 378 samples of commercial refilled rape oil cxaniiiied 
since 1901, 91 per cent, satisfied this condition (sec p. 211). Low 
acidity is of great importance if the oil be required for burni.ig in 
lamps, since free fatty acids, as well as free mineral acid, have a 
charring action upon the wick. » 

. In rape oil refined by sulphuric acid, traces,of free sulphuric acid 
exist, as is proved by the following experiments. 

]00 c.o, of rape oil and 100 c.c. of distilled water were placed in, 
a large beaker on a steam-bath, and steam was l)lown through .the 
i- mixture vigorously for half an hour. The oil and water were then 
^'agrod into a, separating fnnnel^the water was drawn off through a 
''''*er-paper, and the oil was washed with a little more water. 
,,'>tjating the aqueous liquid to rather less than 50 o.o., it 
and the filtrate was titrated with dccinoruml 



SYSTEMATIC TESTING BY PHYSICAL AND CHEMICAL METHODS. 313 


soda, using methyl uraugc as indicator. The follo'.viug reStiHs were 
obtained: - 

Oil Alined at Sulphurle Acid (H.jSO^) 

jier cunt. 

iStettiii,. OflOfiO 

Hull, Isl«mii)le,.()-00r>0 

Hull, 2iid KUiijile,.O'OOSC 

The iieutriilizcd liijuids were lioilcd down to 2-3 o.ii. and tested 
with harituii chloride, and in each case a precipitate of barium 
sulphate was ojitained, which was ostimatnd by the eye to about 
correspond with tho result obtained by titration. These sainples 
being coimncrcial oils of good ipiality, not selected, it may be assumed 
that the percentage of Jrer minenil lu-id in refined rape oil should 
not e.xceed O'OOH per cent, of }l.,HOj, which is equivalent to 0'03D 
per cent, of oleic acid. 

The specific gravity of genuine refined rape oil suitahlc for lubrica¬ 
tion usually lie.s between 0’914 and 0'91.'')r) at OO" K.; it .should not ex¬ 
ceed 0’91()0, and if above 0’916;’) either ravison or other oil of more 
strongly drying eharaeter than Ripe i.s piidiahly present. A lower 
sp. gr. than 0'914 would he suspicious, for, although perfectly genuine 
rape oil may ho as low as 0'9132 in sp. gr., such oil is seldom met 
with ill this country. An ahnonnally low sp. gr. might be due to 
adulteration \vith light inineixil oil. 

The viscosity of rape oil is exceptionally higli, and is a very 
vahiable indication of its purity. All Ibyofl oils, except castor oil, 
likely to ho added as aflnltcrants would lower the viscosity, and 
• although this could he coiinteKicted by adding castor oil or blown oil, 
the presence of these oils would be indicated by other ahnonnal 
characters, castor oil raising the acetyl value and Ixith oils raising 
the specific gravity. Itosin oil or heavy mineral oil, if present, would 
ho detected in the uusajionifiable matter. 

The saponification value of genuine rape oil ranges from 17'00 
to 17'50 ])er cent. A value in excess of 17'50 would indicate the 
presence of ravison or other more strongly drying oil. On the other 
hand, a value lower tfiau 17‘0 would iiidieatc the presenee of an 
uusaponifiable oH, or, possibly, of siicrm or Arctic sperm oil. The 
tesb»must, of course, he made with every precaution to ensure 
aconracy, otherwise the limits cannot bo so strictly defined. 

The Majimen^ value, or rise of temperature on mixing 60 grms. 
of the oil with 10 o^'. of sulphuric acid (containing 97 per cent. 
HjSOJ, ranges from about 58° C. to 64° C.; tho result depends to 
some extent upon tho ‘ jicrsonal equation ’ of tlte operator, whicii is 
not seiious if the jiistruetions given on p. 262 are strictly adhered to. 
A. high result indicates the presence of ravison or other drying or 
semi-drying oil, and a low result indicates mineral or sperm oil. 

The unsapouifiable matter, determined by the method on p. 226, 
should not exceed 2 per cent, in genuine commercial rape oil. In 
the expressed oil it is usually below 1 per cent., but in the oil extracted 
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Kape Oil. 
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184 

Spoclftc gravity hI 00‘ K., . . \' 

O-9U-0910 

0-914-0-917 

U-969-0'9C8 

[)'l)Zl-0'925 


_ 167 

Vlflcosity (dytiea per s<i. cm.). 

l-0»>M$al 

00’F. 

l-0» at 00' F. 

I 

2-73 at 100’ F. 



199 

8oIidifyi»g-point, “T.! 

i 

Meltiiig-ixjiut, ‘ .. 

11-28 

21-39 

-0-4 to +14 

80-97 


204 




when free from 
excess of aoid 

1 


207 

Oleo-rel'racUmieter value at 22^ C., . , 

+16'to K20' 

0 to +3o’ 

•j 37 to +40' 


> 

■ 222 . 

Sapoiiitlcalion value, /, . • • 

171)-17 6 

18 5-lB’O 

17-0-18-7 

!I5 

l9*6-2(>-6 


239 

Ilehiier value, . . 

U51M)5-1 

94'OC 

94'3-97 


242 

K«ichei't value; e.c. per 2'6 grms,, 

OD-0’8 

OM 

1-4 

n-6-0-8 


24‘2 . 

Reichert-Meiss! value; c.c. pcrfigvnis , 

U*0-0-3 

' 0-i6-l'5 

1-1-4-0 

U 7-1-9 


250 

I’rue acetyl value (Lewkowitaeh), . 

1-47 

1-06 

/ 

76*2 91-7 
(usually 82-fe7) 

I41i7-15‘06 

1'6Q . 


2&fi 

luiliue value, 

wi-ios-o 

Sl-4-90'C 

S3 57-4 


: 263 

Muumene thenmil value; nOgriuB. oil, 

68-04 1 

40-45 ' 

50 00 



lu c.c. of 97 sulphuric acid, t'., 
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I'nanjvoiutlalile mailer,/., . 

U1)-1‘5 

0'8 1'5 

U'3-U-8 

1-35 
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Mixed Fatly Acidi. 


! 




m '■ 

Specific gravity at . 

0‘876-0'876 

0-874-0-87y 


0*870 


203 

Suildlfylng-point or titre-test, 

12-2-18-6 

. 174:-26'4 

1 


36*9-4B.-fi • 


206 

Melting-point, “C., . , . • 

10-21 

1 

' 19 28*5 

13 

' 41-60 

x" 

4 

ilt 

Iodine value, %,. 

9(»*6-l()5l5 

1 8»-90'2 

86-5-88-5 

• 

we ' 
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( 
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i 
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1 

1 
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Oils used for Luhriciation. 


Tallow 

Tallow on. 
(Ox Oil.) 
(Animal 

on.) 

t 

Urd Oil. 


S)»ei'ui Oils. 1 

I’ovjHiise 

Ben oil. 

Hazebnut 

Oil. 

(Beef and 
Mutton). 

Oil. 1 

Soutlieni. 

Arctic. 

Hluckliah 
.law Oils. 

O'037-O-O5a 

0 91W)'dl9 

0-i)IS-0-0l9 

O-914-0-919 

0-875 0'8fl 

l)-870-0-8Sl' 


0 0Vl-()-l)20 

0-916-0-917 

O'lSat 
160'F. 

l'04-ri3 at 
60" K. 

0-99 at 60’ h'. 

about aamc 
as tallow oil 

0-39 0-42 

a^-'iO' F. 




■ 

108-124 

variable, 
Bay 32-46 

(ocuasiuti- 
ally lower) 


aliuut 32 


32-48 

-.4 to +14 ■ 



O'to -1-1’ 

-rto -4 


• -17- 




lO'O-lO'S 

19'3-20-0 

lOl-lD'O 

iy4-19'« 

12-U'14-7 

12-J-i3 0 ' 

25-4-2S>-0 

18-5-18-3 

18-7-197 

: '95-96 



as-s-iKi ft 



fiG-3 •72-1 


95-5 

'1 

0-26 



1-3 

1-4 

47-8-C5-'J 




I'O 1-2 





131-0 


0-99 

feb‘24-0*86 

1-85 

0'20 

0-22 

0-46-0-64 

»-4l-0-Gi 




•37-49-8 

j 

67 -8K 

1 

81-3-yo-i 





[>6-60 1 

to Hettiii^- 
])OlUt) 

6I5-8-72-9 

} 

«7-I 84-5 

31 50 

72-113 

83-90 


40-43 

41-46 

(4tt 46.') 

*45-51 

42-47 




'0-6 • 




;t7*4 41-5 

siTCvna'? 



■' 

.0*870 



0-874-0-8WI 






-' /as'S-iS'S 

' ^ , 


i 

26 27 

(sli^i'a fool 
oiF5l-22; 
‘mrse’sfoot 
oil 2B'6) 

] 

8-;{-8-6 


37-2-37-8 



m ^ 

1 



13-3 

83-2-88-1 

10-3-10-8 

82-2-83-3 



17-26 

90-1-90'e 




t 






; 


• 

« 

0-8271 



• 

! 


miC 




j ^23-5--27-6 

1 fi9-&-ei)-3 



••• 




... 

! 18*49 

1 18-02 
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from tlic'sced Jiy [iptrolemn spirit 1 per cent, must be allowed for 
residual lij"!"oearboiis. If a lai'ger |)roportioii than i per (ient. be 
obtained, it should he puriRcd by resiipoiiifioation iK directed on 
p. 234, and if still materially in excess of 2 per cent., the ])roduct 
should be exainiiied as directed in dhaptcr VII., section F (p. 228), 
to ascertain whether hydrocarbons (mineral or rosin oil), cholesterol 
(from animal oils), or wax alcohols (from sperm or bottlen().se oils) 
arc present, hi genuine rape oil the unsaponifiable matter consists 
very largely of jjhylosterolJ which may lie obtained in chanieteristic 
tufts of needle-shaped crystals by dissolving the un8i}ponilin.ble matter 
in 2 3 c.e. of warm 90 per cent, alcohol and cooling the solution. 

Kape oil should always he subjected to the oxidation test de¬ 
scribed on p. 2G.h (watch-glass test), a standard sample of known, 
purity being tested at the same time and under the same conditions. 

Halphen’s colour reaction for cottonseed oil (p. 288) and the 
furfurol test for sesame 6il (p. 291) should not he omitted ; both are 
very delicate, and the result must he inteqirctal in aecoidanoe with 
the quantitative values. These reactions may he relied upon to give 
negative results with gcuuhie ra]x- oil. If a red colour he obtained 
by Halphen’s test, the presence of cottonseed oil may be confirmed 
by the Milliau test (p. 289), using the fatty acids, which can easily 
he obtained from the soap solution left after isolating the unsaponifi- 
ablc matter. Some genuine rape oils hai# a .slight, slow reducing 
action on the silver solution; hut an immediate, deckled reduction 
I)roveB the presence of cottonseed oil, and the amount of reduction 
is usually in proportion to the percentage of cottonseed oil present. 

The above named tests suffice for the deteetiou of the usual 
adulterants, viz.;— raoison, aiftotiseed^ maizu, linseed and the dryimj 
oils, fish oils, mineral oil, and Arctic sperm oil. The latter, tbcwgh 
usually more expensive than rape oil, is sometimes added in order to 
adjust the specific gravity and saponification values wliicli liavo been 
raised by iidulteration with oil such as oottousoed. 

As a supplementary test, the iodine value is useful for confirming 
the presence of ravison oil, maize oil, the drying oils, and some fish 
oils, which luive higher iodine values than genuine rape oil. It is of 
no use for tlie detection of cottonseed oil. These pile (except cotton¬ 
seed) lower the solidifying and mellmg-points of lIic mixed fatty ..cids. 
Thus, the fatty acids of genuine rape oil solidify at 10’5° to 18‘5° C., 
but thq acids from ravison oil do not solidify at 0° C. s 

Olive Oil. 

Pure neutral olive oil is one of the besk lubricants wc possess, but 
nufortunately a great deal of it is spoiled previous to extraction, by 
allowing the pulp to ferment aigl the oil to become decomposed (see 
pp. 112 aud 211); also by stormg the oil in a crude state. Olive oil 
inteiided for lubrication must therefore bo carefully oxamiuod foi 
acidity (p. 216). 4 per oqjit. o{ free oloie acid sliould be the maximum 



SYSTEMATIC TESTING BY PHYSICAL AND CHEMICAL METHODS. 317 


(illowed by largo coiiaiinici's; mnall (niaiititics of oil intended for the 
hibricatinn of delicate machinery should be purified froq^, fjvcry trace 
of acid by refining with soda (sec p. 21S). 

Olive oil should be clear, and pure yellow or greenish-yellow in 
colour, Some goimiue olive oils are green or brownisli-green, the 
(joloiir being duo to chlorophyll, which may be identified by means of 
its characteristic absorption bands if the oil be submitted to spectro- 
■ scopic examination. Hut there are some adulterated oils which are 
artificially cohmred green by cojijier ; thisTiiay be detected by diluting 
some of the oil ^ith ether and shaking with dilute sulphuric acid, 
which will remove tire green colour. On drawing off the acid liquid 
and adding excess of ammonia, the deep blue colour characteristic of 
cupranmioniura will be olitaincd. 

Olive oil, being one of the most expensive lubricating oils, is very 
liable to .adulteration. The most valuable instrument for the rapid 
detection of iubdtenition is the oleo-refractometer (see p. 208). As 
will be seen by reference to the table on p. 207, the recorded deviation 
caused by genuine olive oil ranges from 0’ to -l-3'5”. 106 samples 

c.vaminud by Oliveri ’ ranged from 0" to only 1‘2“, All fixed oils 
likely to be added a.s lululterants would increase the refraction, except 
lard, neatsfoot, and tallow oils. Arachis oil, which has a deviation 
of only -I- .'i'.h" to -t 7 0°, would not be detected, unless present in large 
proportion, but would be found by Renard’s test (p. 283). 

The specific gravity of fairly neutral olive oil at 60° F. usually 
ranges from O'Ol.fi (rarely O'Oli^to 0‘917, but may, it is said, rise to 
0'919 in the ease of dark-eoloured siimples containing the oil from the 
• kernel and ondoearp.- Such oils should not be used for lubricating 
without a very careful examination as to their tendency to oxidize and 
gum, O'O grm. of the oil being exposed to the air at 212“ F. on a watch- 
glass for sixteen hours .side by side with the same weight of a sample 
of known good quality. All olive oils over 0'917 in specific gravity 
shotdd be subjected to thi.s te,st and to a very complete examination 
for adulterants, such a.s cottonseed, sesame, curcas, and poppyseed 
nils. Adulteration with rape or earthnnt oil would not be indicated 
by the specific gravity. 

The (IF ija) iodjne value of genuine olive oil usually ranges from 
82'ft«to 87'0; averaging about 84'5. Some oils are met with having 
a lower value, even as low as 7.6'2. This was the (Hubl) iodine value 
of an oliv(xoil examined by one of the authors, which was^ found to 
possess a quite normal specific gravity (()'9157 at 60' F.), saponifica¬ 
tion value (19'03 per cent.), and viscosity; the unsapouifiable matter 
amounted to only 0'88 per cent., arachis oil was absent, and .the 
colour reactions fqr cottonseed and sesame oils wore quite negative. 
The acidity was 3‘.6 per cent. The low iodine value appeared to be 

‘ Jowr, Soc. Chem. hid., liii. (1894), pi’ 45. 

* Griiuiiie TuiiiBisn olive oil, it is said, may have a Bpooific gravity of 0'819 at 
15° C. and an iodine value as high an 89’4. Sco Chemical Trait Journal, vol. 
xxviii, (1901), pp. 388, 604, and 524 . 
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due to ail excess of palmitin, tlie oil being unusually sensitive to cold 
and dei)osvf>'''g a large proportion of solid fat at a temperature of 46” 
to 47° F. A few olive oils of this kind have been with, all of 
which had an iodine value below 8()'0 per cent.' Thomson and 
Dunlop in a recent paper record ITtyV values of 82'2 to 89T, obtained 
with olive oils prepared by themselves from the fruit and, therefore, 
undoubtedly gemiine.- lliglier numbers still have been recorded for 
Dalmatian and Tunisian oils.’ It is said that, in California, oliv'e oil 
is adulterated extensively f.ith mustard oil from the white mustard 
(Ihnsdra (sinapitt) Allia) which grows there in great profusion.* 
This oil would raise the iodine value, and wordd at the same time 
lower the saponification value. Mustard oil contains arachidic acid, 
which would be a fiirther means of dctcetion. 

The saponification value of genuine olive oil, according to De 
Negri and Fabris, who examined 203 samples, may range from 18’6 
to 19'6 pin- cent., and is usually 19'0. Of 400 samples of commercial 
olive oil examined by one of the authors, the values ranged from 
18'80 to li)-29 ])er cent. A low saponification value might be due 
to the i)resene<' of olive-kernel oil (which can scarcely bo regarded as 
an adulterant), or to adulteration with rape, mustard, sperm, or 
mineral oil. No adidtorant likely to l)c added would materially 
raise the sajssiificatiou value of olive oil. 

The Maumend value of genuine olive oil^determined as directed 
on p. 262, is lower than that of any other vegetable oil, ranging, 
according to our exjiurience, from 40’ to 45° C. j this test is, therefore, 
of great value for the detection of adulteration. 

The unsaponiflable matter in genuine olive oil does not exceed' 
l'5per cent.; a higher result than this woidd probably be due to the 
presence of hydrocarlxm (mineral or rosin) oil, or of wax alcohols 
from Arctic s])erm oil. 

With reference to specific adulterants, the following remarks may be 
made':— 

Cottonseed oil, unless it has been heated, would be detected with certainty 
by Hul])b(Ui’R test (p. 288) or by the Milliau tert (p. 289), both of which 
give negative results with pure olive oil and are sufficiently delicate to 
detect as little .is 2 per cent, of cottonseed oil, if present. Olive oil adulter¬ 
ated with coltouseed oil would, of course, contain more than this peree?ftage, 
and the jiresencc of the foreign oil would be confirmed by the increa^ 
refractive power, iodine value, and Mannieni value of the sample, also by the 
result of'lhe oxidation test; without this confirmation of the colour reactions, 
the presence of cottonseed oil as an adulterant could not be certified. 

itmme oil would _be detected, with certainty, by the very delicate 
Bafidoiiin reaction (p.' 291). Some genuine plive oils give a pale rose-red 
coloration,'but it is unlikely for error to occur if the sample be submitted to 
confirmatory quantitative tests. Sesani4 oil, if present as an adulterant in 

' Lard oil was not looked for in tb^ samples. 

’ Analyst^ 1906, u. 281. 

Lewkowitscli, Analysis of Oils, etr., p. 627. See also note 2 on p. 317. 

* Biaiint,- Treulm an Wlspvdl. p. 487. 
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olive oil, W(‘ul(l raise the refractive power, iodine value, and value 

of the oil, and would increaBe ita drying and g^imniing p’ope’^y. 

Eo-riknut (^rachifi) oil can only be detected in olive oh ly Renaixi’s 
process, although the presence of the oil might possibly be indicated by an 
abnormally high iodine value, Earthnut oil of the. best quality is a non- 
drying oil, aud if a sample of olive oil c^mtaininc this oil be found to ])OBse6B 
no undue tendency to oxidize, there is only the substitution of a cheap 
oil for one of greater value to be objected to. Some earthnut oils are not 
^non-diying,’and olive oil containing «u<h is spoiled for hibrication. It 
must not be forgotten tltai raiie, mustaid, ^nd i^erhaps oilier oils from 
cruciferous jdaTils contain ara(diiaic acid. These oils would betray their 
presence by lower^jig the saj)onification value, and by raising the iodine and 
Mauineiic values, of olive oil, 

OiHiUiT oil would raise the specific gravity, viscosity, and acetyl value of 
the sample, besides increasing the solubility of the oil in alcohol. 

(hircas oil would raise the siiecific gravity and the Alaumcne and iodine 
values, aud would increase the tendency to oxidize. 

Arctic sperm oil, also mineral and rosin oiL'i, wimld betray their jiresence 
hy increasing the percentage of imfiaiKinitiahle matter, and could be identi- 
lied witli certainty and the amount (letermined liy examining the latter. 

JjUrd and tallov' oils would lie the most diftictiit l-o detect. They would 
probably raise the freezing-point; but, being non-drying oils and good lubri- 
cjintH, their jiresence w'oulu not iiecessarily be objectionable, exce])t for the 
fraud. Tlie best method of detecting the prosence of either of the8<; oils in 
olive oil would be to isolate the st^rin, which is absent from pure olive 
oil (Hehner and Mitchell, Analysi, xxi. (1896), ]>. 31G), or to apply the 
phytostcrol acetate test (see p. 232). Tlie phyt-osterul isidated from pure 
olive oil melts at 135''“13G'.')‘’C.; its acetate welts at 120'3‘’-120'7° C. ((till 
and Tufts). 

Castor Oil 

• 

Castor oil for lubricating should he clear, jmle in colour, aud as 
free as possible from acidity. 

For the detection of adulterants, advantage may be taken of the 
easy solubility of genuine castor oil in alcohol. Absolute alcohol 
dissolves castor oil in every proportion; 90 per cent, alcohol (sp. gr. 
0’834) dissolves less, 1 volume of asstor oil requiring from 2'4 to 2‘94 
volumes of 90 per cent, alcohol at 20" tl. according to experiments 
by Itallie.^ A sample of genuine castor oil tested by Archbutt was 
perfectly soluble hi 2 volumes of 90 per cent, alcohol at 15° C. 
Twenty-throe samples of Indian castor oil, examined by Uocriiig and 
Redwood, were completely soluble in 3 volumes of alcohol of sp. gr. 
0‘830 at 60° h'. (15‘5° C.). It appears, therefore, that ca^^ oil, if 
genuine, should dissolve completely in 3 volumes of 90 per cent, 
alcohol at 20° 0. It is usual, however, to employ 6 volumes of alcohol, 
os recommended in the British Bharmacopma (4898), and we have 
. found by experiment, with' the sample of easily soluble castor oil 
: referred' to above, that when only 5 per cent, of either rape, blown 
rape, cottonseed, poppy, maize, or,curca8 oils were mixed with it, 
B volumes of 90 per cent, alcohol gave a strongly turbid mixture 
at 16° C., which deposited a small quantity of oil on standing. The 
' Lewkowitsch, Amlyiiiof Oils, etc., p. 421. 
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followiiifi ti,st, nrigiiially rccomineniiwl by Fiiikciiur' (who used a 
slightly st^(^igci- alcohol), may therefore be employed with confidence 
as a rapid method of assay :—Measure exactly 10 c.c. ci castor oil in 
a graduated, stoppered tost cylinder, add 50 c.c. of alcohol (sp. gr. 
0'834) and well mix. If genuine, a clear and bright solution will bo 
obtained at 1 !>“ (!. If as little as 5 per cent, of foreign oil be present, 
the liquid will remain strongly turbid even on warming to 20* 0. 

The specific gravity of castor oil should lie between 0’959 and 
0'9CH, and is u-sually abort 0'9().3-0'964. Adulteration with any 
other natural fixed oil or mixture of oils would lower the sji. gr., 
and although tlii.s might be adjusted by the. addition of rosin oil 
(sp. gr. 0'9(i-l’01), the presence of the latter would bo easily detected 
by deteruiining the amount and examining the propei-tics of the 
un.saponifiable matter, which, in genuine castor oil, doiis not exceed 
1 ’0 per cent, lilown rape or blown cottonseed oil might be added 
without altering the density, and without causing any appreciable 
inorea.se of the inisaiKHiifiable matter. 

The viscosity of castor oil greatly exceeds that of any other 
natural fixed oil, but it is exceeded by that of blown oil. Twenty- 
three samples of Indian castor oil, tested by Deering and Hcdwoo<l 
in the Redwood viscometer, required from 1160 to 1190 seconds for 
the outflow of .50 c.c. at 100° F. 


The acetyl value of castor oil (14'6 to IM per cent.) exceeds that 
of any other known oi( except grape seed on (pp. 248, 2.50), and is one 
of the mo.st valuable indic-ations of its purity. Although blown oils 
also have a high acetyl value, they do not nearly approach castor oil 
in this respect (see p. 248), and the detection of 10 per cent, qj' 
blown oil in castor oil is possible. Grape seed oil, if present in 
castor oil, would lower the specific gravity. 

The Hehner value (9.5'.3 to SS’O per cent.) would be lowered by 
adulteration with blown oil, as woidd also the iodine value (81 "4 to 90'6 
per cent.); on the other hand, the Seichert-Meissl value (M to 4'0), 
the MaumenR thermal value (56° to 66°), and the saponification 
value (17'6 to 18‘7 per cent), would be raised. 

Among other jxjssible adulterants mentidfied by Allen, poppyseed 
oil would lower the specific gravity, acetyl v.alue, and viscosity, and 
would raise the iodine value; lard oil would Mower the f^pecific 
gravity, viscosity, acetyl and iodine yaliies; coconut oil would lower 
the sp(!cific gravity and the Hehner and iodine values, and would 
raise the saponification value; and seal, oil would lower the specific 
gravity, acetyl value, and viscosity, and would raise the iodine value. 
Cottonseed and sesann' oils woidd be detected by the characteristic 
colour t^sts for these oils. 


Palm Oil. 


I’alm oil is not, as a rule, aTlulterated with other fats, the chief 
impurities .being free palmitic acid,' dirt, and water. For grease- 
' Jour. Sue. Vhejit. Ind., vi. (1887), p. 148. 
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makiii}', lo .v acidity is of chief iniportince, !Ui the dirt, i.s 'strained off 
and the water settles out in melting. The acidity i.s detei .1 • ed by the 
method dosonlied on p. 216, and should he neutralized hy adding 
the necessary additional amount of soda in making the grease. The 
proportion of dirt and water can he determined, roughly, hy melting 
the sample in a 10(1 c.c. cylinder standing in a beaker of hot water, 
and reading off the volume of sediment which is deposited. Anything 
under 2 per cent, may bo neglected. If over 2 per cent., an allowance 
is usually made hy the seller. In that case, a more accurate deter¬ 
mination may he ^lade hy dissolving a weighed ipiantity of the well- 
mixed sample in ctlier, liltering, washing, evaporating the ether, 
drydi^ the fat and weighing it; the difference between the weight of 
tfrymt and the weight of the sample taken is water and dirt. 

Palmnut and Coconut Oils. 

The high saponification and Eeichert values, and the low iodine 
values, of the.se two oils arc characteristic, and afford 'cady means of 
distinguishing tliem from other oils and fats. 

Coconut oil is said not to he adulteratral. If ro<|uired for lubrica¬ 
tion, the most important test would he the determination of acidity. 

TaUow. 

Tallow intended for lubrication, when melted in a tesktubc, should 
b.. dear, and free from more than traces of suspended matter. Water, 
if present, can he determined as directed on p. .'106. Suspended im¬ 
purities (membrane, etc.) can he determined hy dissolving a fair 
sample (10 to 20 grms.) of the tallow in ether or petroleum spirit, 
filtering through a weighed filter paper, washing out all fat with the 
hot solvent, and re-weighing the piper and contents. The latter, if 
sufficient in amount, may then he c.xamined for possible adulterants 
such as starch, lime-soap.-etc. In gemiine tallow, the percentage of 
insoluble matter rarely excccils 0'2, and of water 1 to I'f). [Allen.) 

The acidity should, of course, he ics low as possible, and should not 
in any case exceed 4 [icr cent, of oleic acid. This would exclude such 
adulterants as distilled grease stearin and rosin. 

The saponification value may range from 19-0 to 19-8 Y;eiit., 
and averages about 19t44. Varaffiii wax (supoaification value, nil) 
would lower the value; palmnut and coconut oils (|ap. value 24’6 to 
26-8) would raise it; bone-fat^ cottonseed stearin, and cottonseed oil 
are witliout effect up .on this constant. 

The (Huhl) iodine value of genuine tallow has been found to range 
from 34’8 [Thomer, 327) to 47'5, according to published figures. 
•We-have met with apparently genuine tallow absorbing as much as 
49’3 per cent, of iodine; possibly, hut improbably, hone-fat or “horse- 
Tat might have been pres^ent, but not cottonseed stearin or oil. ,^he 
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avcrapfc loiljjiif value is alwrat 40, according to Alder Wright, 43 
accordiiigt'Lo Arclilmtt; Rowland Williams puts it at 40 to 41, 
Lewkowitsch at .30 to 40. The range is about the same both for 
beef and mutton tallow, but the average is probably lower for the 
latter. Any tallmv having an iodine value above 47'0 would bo 
suspicious, and might contain cottonseed stearin (S8’5 to 104), cotton¬ 
seed oil (lOO'fl to 116'9), horse fat (71’4 to 8C'3), or bone fat (46’3 to 
On the other hand, an abnormally low value, say below 38, 
might be due to the presenbe of paraffin wax (4’0), palmnut oil (10 to 
n’O), or coconut oil (8'3 to lO'O). It is obvious .that a mixture of 
the above fats and oils in suitable proportions might bo made which 
would have the same iodine value as genuine tallow. 

CottoDHecd stearin and cottonseed oil, which are the most frequent 
adidterants of tallow. Bin, if present, he detected by the Halphen and 
Milliaii colour reactions (unless they have been previously treated so as not 
to give these reactions). Pure fresh fallow gives entirely negative results. 
(Note, however, Bovaii’s and others’ observations with lard, p. 289.) Tlie 
nitric acid colour test (p. 290) would .still be available, but the results must 
be interpreted with caution. Allen states that tallow which has not been 
washed and purified, and which, therefore, contains particles of blood, acquires 
a light brown colour when agitated in a mdled state with nitric acid of 
1 -38 sp. gr. 

To prove the jweseme of coltmseed oil or stearin, L. Mayer reoominend.s an 
examination of the ‘oleine’ obtained by allodmig the melted tallow to 
crystallize lor eighteen hours at 35° C. and then squeezing the liquid portion 
through filter cloth. The iodine value of this should not exceed 65 if the 
tallow be genuine, but in presence of cottonseed oil or cottonseed stearin a 
much higher result will be obtained. Tlie solidifying-point (litre test) of 
the fatty acids should also be determined; in the presence of the aboie- 
iiamed ailuiterants it will be lower than 39° C. The phytosterol acetate test 
should also be applied (see p. 232). 

llone-fiil leaves a variable but considerable proportion of fsh on ignition. 

In 6 samples examined by V.aleiita the .amount of ash ranged from OTI to 
2’01 pier cent.; average 1'.32. This ash contains much calcium carbonate 
and oxide. As pure tallow and most, if not all, other vegetable and animal 
fata leave a scarcely weighable tiace of ash, the detection of hone-fat should 
not be difficult. Commercial bone-fat, accorling to Valenta's analyses, 
always contains a large jierceiitage of free fatty acids (’ 4'S to 2B’5); adultera¬ 
tion with any quantity of such bone-fat would be tjxchided by the 4 per 
cent, limit for acidity. Neutral bone-fat has the c.haracter.s oba good 
lubricant. Bone oil (lione-fat oleine) ’s said to be used for lubricating 
clocks and watches. 

Ht/i’si'jtit would probably communicate a yeSow colour to tallow, would 
tend to make it .soft, and would lower the melting-point of the fatty acids. 
This fat (as well as the above-mentioned) would lower the specific gravity . 
of tallow at 00” F., Vhicli, however, is very rarely determined. > 

Paraffin too*, which is sometimes added {o soft tallpw, and usually reveals' ° 
its presence by reducing the saponification volue, can be determined by 
detennining the unsaponifiable matter, which, in genuine tallow, does not \ 
.exceed 0'4 to O'fi per cent. Thd same procees would enable roiin oil, if „ 
present, id be detected, and {ilso wool fat: 

Palh'mit and coconut oils, besides raising the' sajionificalion value (which 
go other likely adulterant wduld 9o), .would increase the Reichert value 
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ind reduce the Heliiicr value. The commercial oils, wldch ar, .usually very 
acid, would he excluded by the acidity test. * •, 

Valuation /ii Tallow.—By the soap aud candle iiaker tallow lo valued by 
the results of Daliiau’s titre-test (sec p. 204). The ‘litre’ (ie, the 
iolidityinj'-jKiiiit of the mixed fatty acids) of talloiv intended for candle 
making .should not he below 44" C.; tallow of lower titre is used for soap¬ 
making (LeWwwtsc/i). The litre of tallow usi'd for making railway axle 
grease i.s not of great importance, so long as it does not fall below 41° 0. 


Tallow Oil. 

• 

Few an.alytical data have been published for this oil. Allen gives 
the spocifie gntvity at (i0° F. as 0-fll6, and the solidifying-poiiit as 
‘t'G" (.;. (:i2° to 43° F.). (Jill .and llowc stixto tlic sp. gr. at 100° 
0. to be 0'794. 'J'he oil should eouUuu very little free fatty acid, 
ind, it genninc, should have an iodine v.alue of, prol)ably, to (10. 

‘ (fj; r/il ’ slioiild 1)0 tallow oil expressed froni beet tallow. ‘Animal 
yiV might eoiit,aiii the fat of other .animals. Two samples of animal 
)il e.xaminoil by one of the authors had a sp. gr. of 0-9187 at GO” 
■odine values of 59-7 and CO'd, and saponification values of 19-3.") and 
19-96 per cent. On e(X)ling to 00° F., no crystals formed in three 
sours; luit on lowering the temperature to 4G° F., ciystalliziition 
jommenced, and slowly eoutbmed until the oil ceased to flow on 
.uelining the tube. 'J'lie low percenfcigc of acidity (0-20 jicr cent.) 
uid tile Iiigh viscosity (nearly e(jual to tliat of raj)o oil) of tlie 
samples were notewortliy features. 

Lard Oil. 

The Bpeciiic gravity of genuine Amcriciin lard oil .it C0° F. ranges 
Tom 0-913 to 0-919, according to Schweitzer and Lnngwitz.i Ton 
lamples examined hy Arehhutt muged from 0-91G2 to ()-i)181 ; of 
ilicsc, two deserihod as American lard oil had the liigliest sp. gr. 
0-9180 and 0-9181), the remainder (probably of home maniifu,ctni-e) 
lid not exceed 0-9170. Allen states tluit the sp. gr. should not 
ixcocd 0-91G0. Adulte-ants such as eottoiusccd and maize oils would 
-aise t'-e spueifie gravity. 

The Mamnen6 thermal value (determined as desoi-ihed on p. 260) 
>f the ten samples tested by Arehhutt ranged from 41 ° to 46°. practi- 
»lly the same as in the case of olive oil. Tins is, therefore,' a 'very 
raluable test, since most oils likely to be added as adulterants, except 
mineral oil, would increase the temperature reaction. 

Tlie iodine value of genuine lard oil varies considerably, owing 
o the variable proportion of olein. The interpretation to be placed 
ipo'- the result of this test must, therefore, depend upon the congeal- 
ag-point of the oil. Schweitzer and Euugwitz, wlm have investigated 
his relation, determine thp oongcaling-point as followsThe., oil is 

' Jmr, Soc.jGkem. Ind,, liv. (1696), p. 129. 
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pdiiri'fl wiiji'-montlu'd botUc, immci>{cd in a frcoziut^-inixtnro of 
i('.c‘ aiiii su.U., {uui stirrod vijif)rou«ly witli a tliernionu^tcr •. t he tempora- 
tuiv is ii(»U'd at wliicli tlie oil shows the first sipi of heeoininj' elondy. 
Any lard oil with lii;;iH*r iodine vahu' than 70 slionld not show sipis 
of I'loudiiiess alK->vo 10' K. Tlic lard oils having iodine values of from 
GO to Gl are i.i:('nerally pasty a.t ■fO'' F. 

Tin- saponification value of j;eimine lard oil is ahont ID'l to lO’G. 
Adulteration with rosin oil, mnienil oil, or rape (hi would lower the 
value. 

llosiu oil or mineral oil, if present, woidd he d/,'te<*tcd and deter¬ 
mined by isolatinii the unsapoiiifiable matter, whieh in ^ronnine lard 
oil is less than 1 per cent. 

Cottonseed oil waaild ])rohahlv he(lete(?te(l hy ]Iul])lu‘n’s or Milliau’s 
colour tests ; sesamf- oil hv the furfui'ol test. Vegetable oils, as a 
class, woulil he detceUid 1)}' tlie phytost(‘rol aeetate test (p. -•»2). 

Genuine lard oil contains no aracliidie or li<;nocerie acids ; therefore, 
if these acids he found hy Renard's process (p. 282), either earthnut 
oil, ra])e oil, or iimstanl seed oil must he present. 


Neatsfoot Oil. 

Commercial miatsl(K>t oil may inciudc' o?f fi^om the feet of sheep, 
pifj,‘s, horses and other animals, and is liable to extensive adulteration 
with Vi-getahic oils, lisli oils, mineral oils, and, doubtless, rosin oil. 
Wheii })r()perly ))repar(.‘d from fresli feet, this oil eontains less than 
()'5 per cent, of free fatty acid; hut the (toinuicrcial oil, owing either 
to adulterati<»n or to CJirelessness in inauiifacture, somi'times contains 
a very huge ])erci‘nLigc of acidity. According to K Cra,nt Hooper,^ 
as much as 21 pm' (tent, of free oloii? acid law been found. 

There is not suilicient data for defining the natural limits of varia¬ 
tion of tliis (hi; the mnnlx'rs in the table on p. 315, bused upon 
results obtained ('Ijiofiy by Lewhowitsch, and hy Coste and Parry, 
must !)(' ri'gardtid as approximates 

Si'('d oils, aucli ;us cottonseed and maize, ,cIso fish oils, would raise 
tlu.' specific gravity, iodine value, and Maumene value. (.'ottoiiHeed 
oil would probably l)e detected by Halpheu’s .md .Nfilliaiis colour 
tests; sesanu' (ul by the fiirfurol test; and vegetable oils, generally, 
hy the phytosUu’ol acetate test (p. 222). 

Miiu’i.vi and rosin oil would he found in tlu; unsaponifiable 
matter, which, in genuine u(;atsfoot oil, piDbahly docs not exceed 
I per cent. 

Sperm Oil. 

No means of distinguishing Southcni and Arctic sperm oil.s, except 
])y tlie srmdl !ind np[K;aran(;e, mucli less of detecting one when mixed 
with flic other, (san )h; sjiid to he known, /rhe most important differ- 
’ Jincr. Soc, CJiaii. Jnil., xvii. (188^), p. 5. 
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eiico lieUvucii Uio oils to coii.sis(, in Uic (I • moltillg- 

poiiits of the mixed fatty acids, Imt asuflicioiit minihcr. ■■ ithenlic 
sanijik's of vuc!. oil li.-us not liocii ox.amined to .'ustctiuii ‘'hat this 
(lifferi'iKs: really aiiioimts to. No diilbiviiia' oisis in tlic ri'li'actoim'Ua' 
values, re.ai'uuiiu’s ligui'c +50, for Aretic sperm oil iKung obviously 
wroiifi, Samples of tlm two oils kindly examimal for ns by the late 
W. (hattawny in .lean’s oloo refraetometer gave an ideiitieal reading of 
- 111. l''or the two siimples refeiTed to we ari‘ imlebtcd to i\lr. .1. N. 
Ingleby of Hull, and it may be of intere.st a, give here the eomj)lt;to 
results of the e\aininati<in of lhe.se isnnplos. 


T.Mil,K -Kt.'l. 


1 I 

llt'M r!)ilit)n KiiieslSiMitli.-ni | \ntir 

Sl>t‘nn(al I .S]ii'nnOll. 


i Colour, . . ... 

Dark gcltU-n 

j (Ji'ldcn ytdliiw ; 

i 

1 

villow 

1 palor lliitn 



1 No. 1. 

' Odour, 

Siiglit li."!!,). 

l''i.hliy ; mort; 


jmuguiil tliiiii 

Nk. I. 

! <;r:iv]iY ut (>U' K. (15'f) . ■ 

0-KH(ju 


\ 'O.-c.oflif.v ((iliholiiU*) tU ()<)' K fl5'5'’ (A), 

(K«)lr) 

i 0-114.S 

' KivLiy,i'io-|t()int, . 

Mollj jmictif.illy ‘sul ’ in i<‘u iit 

i 

:12 ' y. 

((»'('.) 

Ivcfractonu'kT value at 22“ C., . . j 

-VA 

- i:i 

Fruf arid, as oloic acjtlj . . . | 

1-2 

i-(; 

Siipoinliralioii valiio, . ! 

12'0(» 

12-50 ; 

j lodiiu* valiu*, 1 

H4-4 

Hi-n 

Mamtivni'* l.LcniiJil valiKi: 5t)m*ms. oil, ; 

4(;-(F 

' 44-8" 

] 10 (if 1)7% Ridplniriuarifi; 0.) . j 

t’iiivt[n)Hili:ildiiiiiatl^r(iiiixodal(udit)lR)j%' 

:!91 

3‘r7 

1 Mil'll Fattij Acids. ' 



Mi‘.Itiug-]K)inl (llaOi’s nmlliod), "“0, . | 

SoHdifynig-iKiint (IIsic-.Ii’k niHlKid) “0., 

• ' 

21-4'" 

Kid" 

Kid" 

loo j 

Mi/fd Alcokola. ' 

1 


1 Co!(jiir, . . . • • • 

Nearly whit*. 

Nearly white. 

1 lSm>onifi(ailioii v<alu« of acctvialed pro* ' 

IH-49 

18-(j2 

1 



1 . . - • 




The problem, therefore, of detecting Aretin .sperm oil in Soi.theni 
sperm oil being, for the present at any rate, insoluble by ohemicid 
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inc't.liodsJ tS,' two oik will he eoiisidered ius identicnl in the following 
reiiiarhs, ( ^ 

Tlic specific gravity of genuine xperni oil ranges from 0-S78 to 
O'88'l, mid woidd he riiisefl hy the luldition of any fixed oil or fat; 
this could ho corrected hy the addition of liglit niinoral oil, hut not 
without lowering the flashiug-point, which, according to Allen, is as 
high as 480' K. in the case of genuine sperm oil. Out of ll.'i samplos 
of sperm oil tested hy Veiteh AVilson the llashing-iioints (closed test) 
of only three samples were'holow 410“ lA, viz.;—one samjile 400 and 
two ;!i)0“. 'I’he others ranged from 410° to 185'' and the average.s 
were I57'5' h. for iSonthern sjierm and 41()'3“' F. for Arctic sperm. 
There are puiv mineral hihriisiting oils having the same specific 
gravitv and viscosity as sperm oil, hut their fiashing-jioints are lower 
than 400° F. 

The low saponification value of sperm oil is characteristic, hut i.s 
not to he relied niKin as a test of purity, since a mixture of a chcaiicr 
fixed oil with mineral oil could he made to have the same value. 
Lohry He Hruvn has found, however, that in sperm oil adulterated 
with such a mi.xture the presence of mineral oil can he detected hy 
ti’d (p. 219), since the higher alcohols formed hy sap(aiifying 
sperm oil do not se]Kirate at once on a{lding water, hut renaiin for a 
considerahle time dissolvixl in the s(»p5olni»0u. 

The most reliable means of detecting the adulteration of sp(>rni oil 
i.s to isolate .and examine theunsaponifiablematter, (lenuinc sperm 
oil yields from liO-.'i to 41’,5 ])er cent, of unBJijapmfiahlc nuitter, con¬ 
sisting entirely of wax alcohols easily soluble iu cold rectified alcohol ; 
if the uu.s;iponifiahle matter obtained from ,5 gnus, of a samjilc ^if 
.spm-m oil he normal in amount and completely soluble in 50’ c.e. 
of e.old alcohol of sp. gr. 0-834, the sample is most probably gi'iiuiuc. 
For further information as to the pinjierties of the wax alcohols from 
sperm oil, see Table LXl. (p. 234); also jiage 230. l''or the analysis 
of mixtures containing sperm oil and mineral oil, sec p. 245. 


Porpoise and Dolphin J^w Oils. 


The romarliably high Seichert value is sulficient of iteelf to 
identify these, oils. The high saporification value and low iodine 
value iiry also oharaeterlstie. The results obtained hy the, exa¬ 
mination of a sample of Kelley’s watch oil are given on p. 121. 

D.--BL0WN OB THICIIENED OILS, 

lilown rape oil and blown cottonseed oil (‘lardine’) are usually 
pale-coloured ami extremely viscous oik having a nai scons odour. 
The oply natural oil which they at afl resenihle, is castor, and from it 

’ Not less; see footnote on p. ‘230. 
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they are CiUiily rlistingiiialicd by their S|iarhig soli/'nlii-, b, alcoliol. 
1-2 o.c. of castor oil, if shaken in a test-tube with 1() o.i. of 90 per 
cent, alcoliel, will (li,s.s()!ve easily, but the same (piai.lity O' blown oil 
rouiaius ajiparently insoluble. 

l<’or the dotection of blown oils in castor oil, sec (kmtor Oil. (p. 319). 
For their identifioation when nii,\ed with mineral oil, thi' following 
characteristics arc available, viz.;—the dark colour produced on 


saponifying lliciii with alcoholic potash solution; the high specific 
gravity at <1. of their iusolnblc fatty .icids (j). 18.h); the consider¬ 


able proportion of soluble uon-volalilo acids formed by their saponifi¬ 
cation (]). 123); the coniparalivcly low irxline value and high acetyl 
value of the insoluble fatty acids (see pp. S.hl) and d.oO), The soluble 
iion-vulatile acids were determined by Thomson and Ballaiityne by 
collecting the filtnitc and washings from the insoluble acids, distilling 
to dryness and e.\tr,acting the dry residue with ether. After e.xpelling 
the ether by evaporation, the acids were widghed and then titrated 
with staialard ;d(«(holic jiotash .solution. For the Ueichert-Meissl 
value of blown oil, sec ]). 212. 

Blown oils have not been sufficiently inve.stigated to enable <lala to 
be giw'ii for distinguishing them with eerbunty one from another, 
lilown cottonseed oil may Iw recognizisl by the high melting point of 
the fatty aidds (11" (!.), and may also be distingutshed from blown 
rape oil by its higher sajionilicrition value, provided the oils compared 
have I'eaclied the same or nciirly the same degree of o.vidation, i.i\ 
have bee.n raised in sjieeifie. gravity alxmt the same mjmber of units 
above the average gravities of the natmrd oils. Thomson and 
Hallantyne have found, by ex[x‘riments with such widely different oils 
as rape and sperm, that the specific gi-iivity and i<idine value siniul- 
taneously rise and fall in almost exactly the a;ime ratio during o.vida¬ 
tion. 'I'lms, a rise in the spceific gravity of 1 unit in the third decimal 
place was accompanied by an average fall of 0'787 j)cr eent. in tlic 
iodine value of rape oil, and ()'789 jrer eent. in that of sperm oil. 
The fall in the iodine vi^ue of the rape oil was, however, more rapid 
ill the early stages of the hlowiiig j)roees.s, averaging 0'903 per unit 
rise of sp. gr. during tlie first five hours. .Similarly, the increase in the 
sapoi'.ifieatioii value was more rapid at first, for, by tlio time the rape 
oil had risen in sp. gr. from •9141 to ■9273, the sapoiiificatioii value 
had risen from 17'39 to 18'30, i.e. 0'067 per unit; but after tlio oil 
wins fully blown and lyid increased in sp. gr. to ’1 '1.3, the' saponifica¬ 
tion value had only risoii to 19-49, or an average, during the whole 
period, of 0'044 per unit. • 

Hlowii oils slioiild lie e.vailiincd for acidity in the same manner as 
the oils- they are made from. As stated on p. 122, the leiidcney of 
th.- blowing process is to increase tl|p percentage of free acid. 
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K. MIXED LUBRICANTS. 

MWud lulificHiits iiiiiv Ih' oitlior oils or grrascs, and iiiaj' or oiay not 
contain soap, tor the dct-oction of .so:i]a see stahion U , }). •’U)3. 

I. Mixed oils and gi'eases free from soap in.ay cont.ain iiiiurrat oil, 
rosin oil, or coal-tar oil, together with a li.vcd oil, I'al, or way ; the li.yod 
oil may he a. lilowii oil. An appro.yiinatc analysis may frequently he 
inadehy (iriiqaT's method (,seetion l>, p. 223). 

A more exaet analysis may he made hy isolatinuand weii;hin>; the 
nnsaponiliahle matter (see.tion I'i, p. 221), and tlieif determining' its 
properties and nature (soetion !■', p. 22^). liy reenveriny the iiiixed 
fatly acids from 1 he .soap solution, and suhinittiny them to examination 
(.section 11, ]). 23.0), the fatty inyredient of the nnyiurt' may frequently 
he ideiitilied. Ohvionsly, the prohleni Iieooines simplified when the 
nii.yed oil is piirehasi'd to a speeilk-ation statiiiy what the nature mid 
propoi'tioii of the eompoiieiit oils must Iks I'or the analyses of 
niistiires eonfaininy sperm oil or wiad fat. and niineral oil, .see j). 2 ho. 

II. The analysis of oils and greases containing soap is eondueted 
ill the followiny manner; 

10 yriiis, of the sample arc •stim'il with ether in a. small beaker 
until di.ssolved or thoroughly di.sinteyratcil. The liquid is then 
rinsed with ether into a sepiniting funnel ai# shaken several times, 
with 1(1 c.e, each time of hydrochlorie acid (sp. gr. 1 ■ 10) to decompose 
all soajis and extract the liasi's. Thu ethereal liquiil is then washed 
with water until free from acid. 

Acid extract.- 'riiia contains the metals exi.sUiig as soaps. It i' 
llrst washed with a little ether to remove meehanieally mi.\ed oil, the 
ether heiiig added to the main ethereal solution. The liquid is then 
placed in a hcaker, covered with a clock-glass, and heated on a wanii 
watei'-hath imtil the dissolved ether has Isuled away. It is then 
poured into a basin, evapor.ited to dryness on a steam hath, rcdissolveil 
in liydroclilorie acid and water, filtered, and the metal or metals wdiieh 
were qualitatively detected in the ash may ho dolermined in the clear 
solution. 

Ethereal solution.—This ooutaius the neutral oil (fatty and 
mineral), together with all fatty and resin acids which existc.l in 
eoinhination with the inctid as soa[). In order to e.vtriict the fatty 
and i' 0 ,sin iicids, tho solution is shaken with 50 c.c. of a 2 jior cent, 
solutiob or liaustic sixla (10 per cent, caustic soda .solution, 20 c.c.; 
rectified spirit, 10e.c.; water, to 100 c.c.). The shaking should be con¬ 
tinued for half to om minute and he not too vigorous, lost an ciiiulsion 
bo formoil. Aftci' separation has ttikcii place, tl(C .soda solution is 
drawn off into another separator, and the cthcraal solution is further 
shaken with 10 c.c. (juantities of tho dilute soda solution until all 
fatty .acids arc cxti'actod : it is then waphed several times with wiiter. 
The mi.\ed alkaline extract is lirat shaken with a little ether, which 
is .adiled to tlic neutral etlKU'cal .solution; it is tiicii acidified, and the 
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liberated fatty (and rosii)) acids areoxtr:icte(i witli'‘‘brr -uduoi^hud. 
The iiLMitral etli(’real seluticii is also cvaiKJKiied and 'die vosidiie 
woiglied. dV'j'bus obtain : ' 

(d) Mvfalil*' oxiaf-nnf as noafi. 

(h) Faffii {(iml min) aruh cxistvuj hi Ihc fm' 4af>' and an naaiK — 
iJeterniine the/m’/d/^/ and in a of the ori^nid siiin|>le 

as direetwl in section A, p. liHi: if woiih wliile, deduct this 
Miuouiit from the Udal, and multiply tlic remainder by 0’7 to 
reduce to anhydrides; add the nunallic <i.\ides; the sum is 
the amount of dry n*>a}>. if deteeb’d by l.ielicrmann’s 

test, mav^be determined by 'rwitcbell’s method. Phnniln, 
fi'oin eofd-tar oil, if jiresent (very nu-ely), would liavt* to be 
separated from the fatty ami resin acids b)Mlistillation with 
sleatii. 

(c) Henidna! (nnifnif) tdL This may e<mtaiji any or jiil of tlie 
fuliowing: iiiiiicra/ <dl, ronhi od {roa! far <»//), jijrd oil, 
and, possibly, frt’<‘ mu' aI>‘ol(<dn. It must be analysed as 
directed above, p. 32S, K, I. 

in aiidition, the grease may contain - 

{d) ]\'(d(’r. This is determnuHl as dir<*<’ted in section Z, j>. dDb. 

{(') IVon faff// iii(jrrdini(>\ sucli as phuiihatjo^ la/t\ nuJfihur, etc — 
Tliese will, for the most part, remain insoiulile and l>e drawn 
otT \\ilh till’ afjueous extnict. They must be liltered oil'and 
examined separately. 

(/) K.rrrnn of fnm'. - This is dcbs'U’d and (‘stiniat.ed liy determining 
the combining weight of the fa.U.y jteids and ascei’taining 
w hether the amount of base found is more than suflieieiit to 
saturate them. 



CIIAITER IX. 

'I'llE MKCIIANIGAI, TESTING OK LUIildCANTB. 

Introductory.—Altli()ii;;li .1 pp-cat deal of information can lie ohlaiiicd 
i)y the clicniieal analysis of Inlirieanls and by duk'nuiuationa of 
vis(!osity, specific "i-avity, flasliino-point, etc., it is not always possible 
even for an expert to seleet with eeitainty from these tests ,alone the 
most suitable oil fora particular class of naujliinc. 'I’liere is no labora¬ 
tory method of mciisnrinft the decree of ‘oilinoss’ or ‘oreasiness’ 
which a lubricant possesses, and nj)i>n whielf its value as a means of 
reduiung friction at low siaieds and under high pre,s.sures so greatly 
depends. It.also very frapiently happens that engineers in charge 
of niaehinery have no means of obtaining expert advice regarding 
tlie oils they use, and are eom})elled to rely upon suoh tests as they 
can tlicmselves make. I'or this purpose, oil-testing maeliines have 
l>ccn invented witl) hejirings so arranged that any de.sired hsul may 
1)C put upon them, tin; speed and method of applying tlio Inlirieant 
varied at will, and the frietioual resistance, heating, ete., aceiirately 
measured. 

Objects and Conditions of Mechanical Testing.- Meehanical teste 
of luiiricants and frietion surfaces may he yniuie willi two distinct 
objects in view, one being to inciisure the amount of frictional resistance 
to free motion offered by bearings lubrieatol in differeiit ways or made 
of did'erent metals or alloys, and the other to determine the relative 
oilinoss or greasiness of the lubricants ■ 

Useful hints concerning the enihtraiirc of oils may also bo obtained 
liy observing tlie elianges which tlic friction updergoes after the oil 
lias remained exixised for some hours to the air. 

-Spooially designed machines have furnished data which have cmalded 
Osborne Reynolds to phiec the malliematical tjioory of ‘])t!rfoel’ 
hihrieation upon a firm basis, with the result that the part played 
by viscosity in the reduction ^)f the frictional resistance between 
eylindfical journals and their Iwiringsps clearly understood. Indeed, 
it iiiay,safely be said that meehanical testing mae.hines have yielded 
to skilful operators infonnatioii which is slowly hut surely lending 
3.TO '■ 
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oiigiiuicrs to substitute for old methods of liibriciilion iif >' ji.ns wliiek 
give greatly inercased efficieney. 

A iiieeli loii.d testing machino is thus, from a nraeti point of 
view, far from hoiiig a useless coutrivancc, luid should l)e regarded 
as ail iiulispeusable part of tlie oiiuipmcut of a modern oil-testing 
laboratory. 

The more closely the conditions under which the oil is to work in 
])ractico are iip]iroae.lied, the more si tisfactory will he the results 
ohlaiiied ; for, from the point of view of hietional loss, every change 
whieli oeciirs in the hsul, in the siieed of the journal, in the method 
of supplying the'hd). leant, or in the ruhhing surfaces, has an uu[)ortaiit 
effect upon the frictional resistance. In order, on the other hand, to 
deteriiiiiie the oilinoss or greiisincss of a luhrieant, it is iieeessary to 
elimiimle, as fur as jsissihle, results due to viscosity. ‘Imperfect’ 
meth ids of luhrieation admit of this being done must satisfactorily, 
o.'iperiineiit having shown that whoreas at low speeds greiusiuess is 
an all-important factor, in perfect lubrication at high speeds viscosity 
plays the more iiiijuirhuilpart. 

Thill films and low spewls are also the most suitable eoiiditioiis 
under wliieh to ascertain the eli’ceta resulting from ehaiiges in the 
nature of the luelals in eouhiet, as at high speeds a brass is generally 
lifted ijuiU' oil'its journal by the formation of the pressure film. 

Design of Oil testing Machines.—Numerous forms of maehiiie have 
lice.I built and used for testing imipises, varying in design acTOrdiiig 
to the etfecls which it ha.s la>('n*desired to measure, and whicli may 
In; summarized as follow.s;- - 

(1) (i)m]iarative oiliiiesa or groasiiieas of luhrieants. 

(2) h'riclional effects due to viscosity. 

(o) Klfects re,suiting from dill'ereiit methods of applying the 
luhrieant. 

(1) Klfects produced by ditl’ercut metals working in contact. 

(5) Klfects of tem])eratnre on friction. 

(S) Klfects produced by ditf'erent lisids. 

(7) KH'oets pro.lncwlJiy varying speeds. 

A description of a few only of the dilfereut types of machine designed 
for oriliiiary testing work, or which have been used for c.vperimeutal 
l>ur{»Kses, will here he attemjited; the nature of the tests which may 
lie mad(! with them being, in some cases, given. This can, however, 
only be done in an incomplete maimer; for the suhjoet is an extremely 
comiilex one, each kijid of machine reipdring diti'ercnl treiitmeiit, and 
heing capable of affording valnable information if placed in the hands 
of an operator who has a knowledge of the thou»y of lubrication and 
has had some o.xp,orionce in tlie management of machinery. 

It must he remembered that every change of speed, load, method 
of lubrication, lenipcratnro, form oj bearing, and condition of rnhbing 
surface has some, frequently a considerable, effect upon the frictional 
resistance obtained with each Inhricant, and, therefore, ,lliat the 
problems arising in the course of such cxjicriineutal work ere often 
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VL'ry iiiirit.tU ami diflifult of solution. If, for iiislauou, a imiiilxu’ of 
oils U'sted yinler small lojids fall in a particnilar order f»f merit as 
regards frieviou-rodiurinii' |M)\vor, on tostin«i them with ho; vier loads 
the order may he found t-o have entirely altered, ('han^^es of speed 
produec' even more marked diflcrenees, sometimes iiiereasinj; ami 
sometimes dia'.reasin;^ the frietion. These points have been dealt 
witii in some detail in (’hapter IV., on ‘Tlie Theory of Imbrication.’ 
Mneh, liowever, still remains to he learnetl eoneerniny: the fritdional 
nssistaiiees of hearinjis when running;'at lo\vspee<(s willi diderent loads, 
'riiis [K)hiL will he hrielly diseiissed in (dia[>ter .\., on ‘The Uesign 
and (juiirieation of Hearings.’ 

.VU'ehanii’nl testing namhines vary greatly, not only in the shape of 
the eontiiet surfaees, hut also jis regards tlie inditnilions whi(di they 
give (toiieerning the degree of frietional resisUuuH' ene^ountered. In 
some maehines the rotating surfaee assumes liie form of a wheel or 
drum njxm wliieii a liearing block is pressed. In others it is a disc, 
tiiu Hat side of whieii is pressiKl against a similar disc. Hut in the 
maeliines most (aanmonly used the contact surface takes the form of 
a eylindrieal journal a few inched hi diameter, u[H»n whicdi rests a 
weighted Ijearing-hhiek or brass. 

It has !)een siiown (p. (il) that the conditions under which luhri- 
ealion <'an ho e{Ve<*l('<l witli cylindrical roUitmg surfaces tire {juite 
tliflereiiL from tliose whicli obtain witli discsw other plain surfaces. 
Il will, therefore, hi‘ convenient l-o deal first with the rotating cylin¬ 
drical or diami form of nuwiiinc, and, sulBa.xjuentIy, with niaciiines that 
giv(' the fi'ictional resisfciuees, etc., Ix'tween discs and jilain surfaces. 

Cylinder or Briuu Machines.--l/'//H/'.'-'/oK> OiUasimn Madam ,— 
This ma<;hine, which is made by Messi’s. W. II. Hailey k (k). of 
.Manciioster,' is IVeipieully used in Kngland and America, it is 
eouvenii'iil, and e.usily k«*j)t in oi*der; for scientific w;rk, however, 
it is hardly suitable. Two sizes arc made: one, a small machine, 
oe(ai])ying init little spacis and requiring very litthj power to drive it; 
auvi another, of much larger form, suitable for railway woik. 

Of these, tlie larger machine only will b|^ described. It has a 
cylindrical journal against which work tw'o bn'?tt^<?s, one above and 
the other below, fslung from the upper brass is a hollow j)en(lnluui 
containing a strong spring, the upper end of wijicli lifts the boft^om 
brass against the jf.urna), whilst the lowt r end depresses the i>enduhuu 
and helps to weight the upper brass. 

Kig. i!^a^sl'dc elevation, witli hras-ses and pendulum in section, 
and fig. 77 is a photo-print of this macliine as used by the authors. 
Fig. 76 is a front view of part of the maeliine drawn to a larger 
«(;ale. The hollow shaft A, driven hy a edne pulley H, is mounted 
on a strong cast-iron stand, the forked ends of which form the 
bearings upon which it run.s. One end of the shaft projects beyond 
the Ijuariug and is fitted with a hush i\ on tiic outside surface of 
whicli th(,‘ oil tests are made. Tiiis enables viwious metals to be used 
”us bearing surfaces, for the"Tmsh can l )0 removed and another put in 
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the journal. In order to cny.l)lo tlic opemtor to vary the pressure 
of the brasses against the journal at will, the pcndulimi is e(»?,isti‘ucted 
as follows:—A brass tube, 1! (figs. 75 and 70), is sercwe(l*iuto the 
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ajlt!-t>(i\' K, wliii'li passes romid the journal and Iiolds tlie beai'injiis T) 
in iKisition. In tliu njipor jjarl of this tube is loosely fitted a distaiico 
jueee O, wlileli, liy tlie action of a strouR; sprin*; liclow itj forces tiu! 
under lirass ajjaiiist the journal. The end of th<’ sprino does not 
press directly afraiust'tlie distance piece, but upon a soi'ewed washer, 
K, threaded upon a rod M, which has a square end, by niouiis of 
whicli it can be rotiited. At its lower end the spring rests U])on a 
cai), I, screwed to the tube H, hy which the streas on the .sjjring is 
brought to bear uiion the upper hearing 0, ius well .as on the lower 
one. To coin[)rcss the spring and incroiise the load on the hearings, 
the S(]uare end of the iiwl M is rotated, which towels the wa.slicr K, 
to which is fl\ed the inde.\ finger Y. A graduated scale, Z, screwed 
to the tube II, .shows the weight j)er spiaro inch and tlie total weight 
oil the brasses foi- every jiosition of K. A ready means of taking 
the pressure oft' tlie brasses is furnished hy the nut 1’, whieh can lie 
screwed down until the key It, against wliich it pres.ses, separates the 
distance jiioce O from tlie hearing. 

it is evident that any friction lietwcen the brasses |)|) and the 
journal (' will cause tlie ])endnhim to wove in the direction of 
revolution of the shaft, and the greater the friction the further will 
the jieiiduluiii swing, the angular nioveinent being indicated hy the 
pointer V moving over the are W (see fig. l€). As the moment of 
resistance of the jieiidulmn varies with its weight and tlie position of 
its eentre of gravity, it is jxissihle to vary very considerably the 
scale of total frictional resiabmees marked on the are W. Wlieii an 
open .scale is required, the castings I and .1 are suitably reduced in 
w'eiglit, as shown in tlie figure; a counterbalance can also be placed 
on a pillar .screwed into the top of the a.\lc-lH)X K, Of course, each 
alteration of the position of the centre of gravity of the pcnduliitii 
neee.ssibites a e<irres]xmding change in tlie giadii.ation of tlie scales 
AV and Z, and for this reason it seems prefeiuhle to griwluate the are 
in degrees instead of in total frictional resistanras (see p. .339). 

The biliricanbjean be sujiplied to the jonrn.al by means of pads, 
fixed ill tlio sidoaof tiie axle-lsix, tlie inethixl of suj^lying the oil to 
the ]ia(ls being varied according to the conditions of Iiihrieation 
under which it is desired to experiment. Anotlicr method, used hy 
the authors, is shown in fig. 7fi. a a are glass tubes passing thihngli 
corks fixed in liolos in the sides of tlie ;-xlc-hox. Kaeh tube is drawn 
down to a fine orifice, tlirougli which a double strand of cotton wick, 
h, is pa,ssed,'hci(l hy means of a looped jilatimmi wire, w. The tube 
is filled witli tlie oil to be tested, whieh is conveyed through the wick 
on to the'journal. '-By varying tlie size of the orifice, the rate of 
feed of till! oil can be altered at will. Tlic oil fed^ in this way on to 
the journal doe.s’ not spread itself evenly along the upper liriuis, but 
tends, to eolleet at the middle; .■;ud at high speeds, if t'lo feed of 
iril he rajiid, 'it tends to collect in drops, and to fall away from the 
jonrn.al without wetting it.* It was found that tliis could ho pre¬ 
vented by placing a knitting needle, c, in the angle between the brass 
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and f/hc journal. The kiiittiii”' nmlle, whioh is lie] ! in losifion liy 
the teiisiiHi of the oil-film, rotates rapidly, and sprcaas u'lo oil from 
Olid to end of the brass. Two Kiiiall hooks, k (t!ie froi.. one only 
shown), fi.\ed to the ends ol the hriuss prevent the needle from falling 
away when the iiiathiiic stops, or if the tension’of the oil film should 
lioeonie moinenlarily weakened. To siircad the oil aloiif; the lower 
hivass, a narrow strip of .sheet liriuss, yi, is soldered near one edfte, so 
as to form with the journal a elianiicl whie.li collects the oil. This 
lower brass, in the iiiachine used by the authors, is ere,scent shape in 



section, and is supported in a well lubricated steel cradle, r, which 
allows a little sideplay in the itxlo-liox, and enable# the friction surfaces 
to place themselves in tliatf position which gives the greatest carrying 
tiowor.' Suitable grooves cut in the steel cradle culleet the surplus 
Oil which falls from the joiinial andbrassc-s, and conduct it into the 
trough d (fig. 76). 

To assist in distributing the Inhricant evenly over the journal, and 
to prevent both it and the braascs from wearing in ridges, the 
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liitest fdiMi fit Tliiivsloii’s machiiu' is fitU'd witli uti ccceiilric N, 6f;- 
75, iu-tuut,'iiK'tliu rod L, wliirli slowly moves the brassc'-' backwards 
i"id forw.brls aloiij; tbe journal. With Ibis device btbicbed, llie 
readiiifis obtained by making a scries of tests of the same lubricant 
.show fewer and smaller disere])an(:ies than can be obtained wlien the 
brass lias no lateral play. 

In the machine as u.sn.'dly su])]>licd, a tbcrmonioter, the bulb of 
wbieb is let into tbe metal of the upper bearing, measures the 
temperature to which the Jattor is raised by the friction. In the 
machine used by tbe authors, the hollow brass pillar, S (tig. 75) is 
scri'wed into tbe to|i of the a.\le-box, and through 'this a thin steel 
tube, X, closed at the lower end, is pas.sed into a conical hole in the 
upper brass into wbieb the cud of the steel tube tits elusely. hi this 
tube an ordinary glass chemical tberniometer, T, is placed, tbe bulb 
of wbieb is immei-sed in mercury which fills the lower end of the 
steel lube. W hen it is desired to remove the pendulum from the 
testing journal, the steel tube X is taken out, and a brass cap with 
a ring at tlie top is screwed on to tbe brass pillar S. I>y means of 
an attachiiient from a .small overhead travelling crane, the pendulum 
may thus be easily moved off and oil tlie-jouriial. 

To tbe [leudiilum and stand is sometimes attached a cord or cliam, 
of sncli 'leiigtli tliat tbe pciiduluiii cannot jp'iiig beyond tlie desired 
limit. 

Tlie maebino should be driven at a very regular s])eed, preferably 
by an electric motor, and such gearing should be used as will enable 
it to be run at a variety of spcod.s; for, with good lubrication we 
may, roiigldy, consider that at high .specils and moderate loads it -s 
tbe viscosity wbieb controls the frictional eticets, whilst with low 
sjieeds and heavy loails the eflieieiicy of the lubricant depends upon 
its oiliness or greasiness, as well as u[}Oii its viscosity. 

To the latest form of this iiiacliiiie there is attached an automatic 
recording ajiparatns, wbieb ri-gislera on a slicoo of ruled paper tbe 
number of revolutions made liy the journal mid also the frictionid 
resistance at each moment. The paper iippii wbieb tbe record is 
drawn is plai'cd ujion a drum, Q (tig. 75), revolving once for every 
100,000 r(:volutioii.s of the journal. Against tbe, payicr rests a yicii, 
actuated by the pendulum as it swings from the vertical. I.i the 
maeliino used by tbe authors a second syieed gear has been added 
for slow speed tests, ea|)able of rovolving the drum oiiee for every 
120 rcvolut'ffuft'of the journal, so that the diagram paper is moved 
a quarter inch for one revolution of tbe journal. A counter is fixed 
oil the, ipaehiiie in a (siiivcnioiit jaisitioii, to indicate the number of 
revolutions made by the journal. 

The greater portion of the IoikI plained upon'the test bearings 
re,suits from the compression of the central spring, and Is equally 
distributed,between the iipyier and lower brasses In anditiqn, how¬ 
ever, to the pressure re^iultiug from the stress of the spring, the 
upper bras^O, when the sViiig of the pendulum is small, has to carry 
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tlie wcif^lit of tliu ])Ciidiilwn as well. When this i-, lifai, and the 
pressure o" the spring considcrahle, no serious error i •, ■ ’.ts from 
taking the load on tlio hearings as being distrihntfcd evcaiij ixjtwecn 
the two brasses, .Althougli, i)y gnisping tlic Journal between two 



briioses, and putting on the load by (impressing a spring, some errors 
rare introduced, the arrangement has the advantage of reducing the 
pressiin' on the supports «f the jounial, and all risk of overljeatiilg 
the fixed bearings is avoided. 


MJBRICATION AND LUBRICANTS. 


m 


.Si.'YC“ral niethwls of wiloulatioj; the area of contact of a hniss have 
hciai iuloj^led. The plan conunonly followed has heen/to multiply 
llK! l(nifftn of tlte hi-jiss (h) hy tlio diauiotcv of the jounjat (2f,)); ‘>^6 
is thou the projoct^'d arcji (»f the hearing; on a diametral plane, or, as 
it is commonly e-illcd, the nominal area. Jhit it is impossible, oxcc})t 
with lijrlil loads, Ui make a bearin'' run sjitishac.t'orily wlien the brass 
embraces jis much as one-lmlf of the journal In practice, the sides 
have to ho. jmt away until the actual arc of contact is only one-fonrili 
or one-tifth of the ciriuimfovc^neo ; and as at all ortlinary sjK'cds, witli 
^(K)d luhrieation, the friction is netirly pniportional to the a(;iual 
{!oni:ict area, it is better to substitute actual'Ten* .lomhial areas hy 
multi])]yiijg tlio leu^dh (jf the an; of contact a hy that of the brass b. 


Thur.vtoii grudnules Ihe sc-ales on his luachiiu* on a nominal area hash ; 
liciwevfi’, from the foilowmo formula* the w.alcj'(^an i)C graduated to agree 
with aclnal amis of eontin:t, and from them the true eoellicient of friction, 
etc., can he ohUihied. 

liCl r — radius from c-entre of journal U> renli'e of grai ity <»f iKiiiduhnu. 
?■(,-^nuims ()f journal. 

W weight of jvndulum. 

It idtlj of brass (?.«. le.ngt.li of arc of conl.'ic(). 

//-hiiigth of brass. 

b ■- total ]»res.sure of brasses on jonnial. 
p —Itressnre jair sq. in. ^ 

'reload on sjjring. 

0 -angle lx*tweeu jauidulnm and perpendicular through axis. 
fj. ~ eoeflicient of friction. •• 

K-total fri<;tional resifitance. 


Wh<‘n 0 is equal to iKl', Wr -Fr,, 

When it ih equal to any other angle, Wr sin fl 

„ ^ Wr sill B 

Therefore, F=- 


a) 

( 2 ) 

(3) 


From equation (3) the graduations on the arc W are usually marked 
off Ku as to giv(‘ the total frictional ivsistjina* F for any angle, hut a.“, when 
tin; Bpring is e<)m])n‘sswl, the centre of grjivity of the pendulum moves 
downwards, and the length of r therefore incre{is(‘s, these gnulimtioiis ran 
only he slri(;lly correct for one jiosition of the spring. 

When the pendulum is a heavy one, and the c(aiipre.ssion on the spring is 
such that the i(«id on the brass is small, the hiul on the ujipcr brass i.*;, at 
all .small inclinatnmK, Pj~T+W 

am) on the lowe.r hras-s, p 2 =T . •* .(fi) 

When T large and W is small, it is sutheienUy accurate to make 
P-2T+W . . . . . (ti) 

and from this the left hand side of the scale N is graduated. 

' p oT+W 

Under similar circumstances, the pre.'wurt! pjr sq. in. (7) 

Fi'um lliis-equation, the graduations on the right hand side of the index 
plate are deduced. ^ 

The re-adings given hy the index plate N and the W enable the*' 
coeHiideiit of friction to he calculated dirwtly, fpr 

„ folding given by arc W 
. P Iteadiiig given by index N 


(8) 
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Wlicn c^jnerimonliiig witli small loads on this machine, iL rus^ .ii'.h'-rne in 
mind l.hat th-' load on the iipjier bniss is always greaUir than o j lower 
one. Underircamstanccs, tlie maximum lojul isgi\en l>y e j ut'on (4) 

P T+W 

and the i»ressuiv perso. in. •- • *• . . . (0) 

It is iinpossihlo always to measure accurately the friction duo to 
the upper and lower lu-asscs respectively. When the lubrication is 
gofjd, and the spetKi of rubbing over 3 feet per 3ninnt(*j the fri(!tiou 
is proportional to the area of the brass in conbmt with the journal 
and indejK'ttdont tlie load, but when tlie s])ocd is sjiiall Ibis is 
not tlic case, and it is imjiossiblu lu obtain atruraMy tbc coctheient 
oF friction of either the ujiper or lower hniss. 

As stated on page 3.’M, the graduations on the arc W, when marked 
so as to give the total frictional resistsincc K, are subje<'t to a small 
oiTor, due to the fact that tho length of r is incr(‘asL‘d hy eompnss- 
sing tile s[)ring. Also, any alteration of the weight <jf the eastings 
.] and I would render these graduations useless. The authors there- 
for(i ])refer to graduate tlie arc in degrees, ami the index N in Ihs. of 
spring })ressure, and to construct a taldc from which liie eoefticicuit 
of friction can be read oil ron-w^ptHiding b) any angle of pix'ssurc. 
As an example, the following jKir^ieulai^ of the machine use<] by tlio 
aiithoi's an’ given, but of e<mrse they will not a])ply to any other 
maeliine, unless of exactly the same dimensions, weight, etc. 


Ta«lk XCIa. 

VnhieofW,. . 

„ r„, . , 1*875 inches. 

f At 0 ihs. pre.'tf'Ure of spring= 14'(»4 inches. 

” ■ ■ I Af.j,(l(){)li)lli.s. „ =14-(U+s(0-02G)inclie,s. 

; ( nj)])cr hra'is= I3'J50 scj. inche-s. 

” ‘i Trowel- „ - 1.3-3 3 „ 

T, , . At. lOfK.1 llw. on index N, the load due U) ])re.ssnrc of 
s})ring= 500 Ih.*?. on each hraas. Therefore, 


* 1 


S(“iilo Rfadinp 

Total Kressuro (]•) 

lTc.s8iirc per 8fj. inoli (p). 

(Ills ), 






On Ui>per Uraas. 

On !..ow(T llmss. 

l.CKX) 

iiGg-.i 

49-6 

38-1 

2/X)0 

Jl.’iSK) 

87-2 

76-2 

3,WO 

31.79-.7 

1248 

114-2 

4,000 

4159-5 

162-4 • 

152-3 

.4,000 

5159-5* 

200-0 

190-1 

(■.,0<KI 

fil.59-5 

237-0 

228-5 

7,000 

71.59-5 

275 2 

260-6 

H.OOO 

91.59-5 

• 312-7 

304-6 

ij,000 

9159-5 

3.50-3 

342-7 

10,00(J 

101.59-5 

387-9 

380-8 > 
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p_W7’ sh» 0_ 

ISh-f) T sin s 

-85*07 r sill d. IIcnf.o, 

; ■ V 

1-875 


Sojik' RfAiiins 
(II.S ). 

VillKcif F. 

I ctIw 

1,000 

1247-(14 sin & 

1-076 sin 9 

2,{>00 

1249-85 „ 

0-579 „ 

:i,oo() 

12'-2-0C „ 

0 396 „ 

4,000 

1254-27 „ 

: 0-301 „ 

0,000 

125(1-48 „ 

i 0-343 „ 

(i,(K)() 

1258-C9 

1 0-2O4 „ 

7,000 

1 •2(1(1-91 „ 

i 0-17(1 „ 

H,000 

12(1.8-12 „ 

• ()-l5r) „ 

0,000 

1285-;!.! „ 

0‘iaH „ 

I0,0(J0 

12(17-.54 „ 

()*125 „ 


I'’ri)iii lli(! iibovc, Tiiblt' X(4ii. liaslwcii aiiuxtriictcd. 


Tahlk XCIii. 


I TotttI Pn-iitHire on Scjilc N^ThotwaiHls of I'oiiiidB) 

‘ Detk'etioti of i ) ' ' 

i iViKUUuui ili2i3l4|5 6 7|8!fljl0 

I (jlcKi'ces) i ' ♦ i ^ _ 


Cocftirfimtfl of i'l'iotion. 


0 l 

‘ *0019 -oino 

•0007 

•0006 

•0004 

•0004 

1X103 

•0003 , 

•l)(H12 

•0002 

0-2 

•{M)38 "Wfai: 

•0014 

IKUO 1 

1 -OIKW , 

•0007 

•0006 

•0005; 

•(Hllf) 

0004 

0*3 

i (Kir>« -wiao 1 

•0021 

•IKIIO 1 

; •0013 ! 

•0011 

11009 

•0008 

•0(107 

■m\7 

0-4 

! ‘WITB 'omo. 

•0028 

fMKl 1 

1 -Ol)}? ' 

•(Ktl4 

•0012 

IXlll ; 

•0010 

•(KX® 

0-5 

! -nilKt , 


ooai 

•0021 ' 

0018 

•(Hnr. 

•0014 ' 

•0012 

•oon i 

1 ti-11 

•11113 1 -oimi i 

: -0041 

•00:11 

1 -IKPiB 

•0022 

•0019 

•0016 

•0014 

11013 i 

U-7 

•11132 ! 

1 -miTl i 

: '0048 

•OiClO 

1 •0029 

•0025 

•0022 

•0019 

•(H)17 

11115; 

i 0-8 

•oir.o' 

' -(HiBl ; 

•0066 

•0042 i ‘0(134 1 

•OO-JO 

•0026 

1'022 

•0019 

•0017 

O'O 

DKK) 

‘IM)91 j 

1 -DOOS 

■0047 

1 *00:18 1 

• 00:12 

■ *0028 

•0024 

•0022 

‘0020 

TtJ 

■ *0188 i 

i -Olol 1 

•0009 

•0052 i ‘0(142 

> •iip:«5 

) '0031 

•0027 

•0024 

•0022 


: *<1376 i 

•()2()2 

•0138 

•0106 ' 

•0084 1 

■ 

1 -(XlOl 1 

1.1)54 ■ 

•0048 j 

•01)44 


•(iWilt ! 

•loiia • 

•0207 

•0157 1 

•Ol-'O 1 

•0l.i7 

1X192 

•IMI81 ‘ 

•0072 ! 

•00«6 

4*0 

. -wsi 

(14(14 

•0270 

•0210 '• 

•01«» 1 

1 -0143 

•012.1 1 

•0108 

•0096 1 

•0087 

B*(J 

1 ‘1*038 -OBOB ' 

•(W4r» 

•()‘2R2 : 

•0-212 

1 -OHu. 

•.,1B:i ' 

•OKIB 

•0121* ' 

•0109 

ISO 

•1126 

•(NKir> 

•0414 

•0314 

•0254 

1 - 021:1 

•0184 ■ 

•0102 

■ou. 

•0131 

7*(i 

: '1311 

•1)7116 

•0482 

■m ■ 

, '0296 1 

1 •0248 

' 11214 

•0189 ' 

■OlfiS 

•0J62 

8-0 

'1408 *(Ni(i6 ' 

. -OBril 

•0419 ! 

•0337 

•0284 

•0245 1 

■(ISIS 1 

•0192 

•0174 

j*0 

•1683 1 

•OWlS 

•OOID 

•0471 

•0379 

•0319 

, 1)270 I 

■1)248 : 

•0210 

•0190 

10*e ■ 

1 -im' -ifHis 

'(1688 


•0421 

. - 0:154 

I -ilSOO 

I I 

•02G9 

•0240 

•0217 


Before asing a itew inaehiiio, it is dcsiralile to teat the spring and 
verify tliu graduations on the arc W and the scale N, if correct results 
arc desired. Tlie [aiintcr wliich indicates on the arc W the deflec¬ 
tion of the pendulum should hi a knife edge, and should he attached 
to the asle-box and not to the braaj tube, since the latter rotates" 
slightly when the ijuLP is turned. It ih also necessary that this 
pointer slionld be cnjiablc of adjustment, in order that it may bp 
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miulo li) iiniiit acumnUily lo zeii) \dicii Uio |KTiiliilai" 'V fs rust 
After freely, wliicli free s«'iii<;iti<; of the peiiiiuiiui. la Brought 

about ill the loll nviiig maimer. Tlie joiiriiii! i.s wcl' liibn i./'d witli 
the oil to he tested, and is nm for a few seconds at the speed of about 
UK) revolutions per i iimite, the iieiidiiliiui lieiii^ allowed to hang by 
its own weight, and all pressure on the journal due to the spring 
being removed. An oil-film between the u])|)er hiii.ss and the journal 
having been thus established, the maelii le isstopix'd : the peiidiilimi, 
being now supported on the oil-liliu, will swing freely for several 
sueoiids before the oil is wpieezed out, and, if correctly adjusteii, the 
pointer will luaU' appro.vimately eipial and gindmdly diminishing 
e.veiirsioiis on either side of the zero before coming to rest on the zero 
point. 

Mellml (if 'W'irdimi. —As already stated, in the niaehinc used liy 
the authors tlie arc W is gnuluatol in degrees, and tlie .scale N in 
pounds of spring jireasiire. I’lain paper is used on tlie recording 
drum, and, hel'ore making cacli test, a ha.se lino is drawn upon the 
paper hy rotating tlie drum against the pen witli tlie niaehinc at 
rest and tin; ]iointer at zero. At the end of tlie tost, the area enclosed 
between the enrve, and this hiise line is measured hy means of a 
planimetcr if tlie curve is irregular, and thus the average deilection 
of the penduhiiu is easily dotenniued and the friction eucdieient road 
off from tlie table. The following simple rules arc followed in 
making eaeli test:— 

' 1. See tlial the jxnnter is accurately adjusted to zero on Uie arc 
when tlie pendnhim is hanging freely. 

d. '\'ith the machine at rest, and the jKiinter at zero on the arc, 
lower tile pen on to the jiaper, and draw a base line by rotat¬ 
ing tlic drum. Then raise the pen off the jiaper. 

3. Screw up tlic s])ring, witli the Imtss nut, 1’, slack, until the 
desired iiressnre is attained, then screw the nut down until 
the pressure is taken off the journal. Start the maehiiie, and 
adjust tlie liilrricators so a.s to give the rcijiiired oil-feed. Tiien 
slack the nut snfHciently to bring the pressure of the spring on 
to tlie journal, md run the inaehhie ata fair speed until the 
brasses are well oileil and are nearly at the extreme front 
end of the journal. Then adjust the speed to that reijnirod 
for the test, and, as soon as the brasses roach the extreme 

front end of the journal,' drop the pen and ..nmcnee tlio 

tost. • 

1. Siartiny—Vichiri starting tlic machine, sec tliat the pressure 
of the spring is off the journal, and that \he pen is raised off 
the paper. 

SloppUKj .—Before stopping the machine, raise the pen off the 

• 

' The .'riction is somctinies liilTcn'it at the front ainl liack ends of the journal. 
Tneiv.fore it is desirable, ('spRiially when making alow speed tests, to coinmeiioe 
always at the same point. 
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p jK'j'. lU'fore rolojisiiig the pressure of llic spj-ing, also raise 
til ]i('n olf the p!i])er. 

C. Unih'riufj ■pvnfhtinm from Jo7/r?«(/.• - IMure veeiovni^^ the 
penduluiii From or rejlneiiifi: it upon tlie jouniu], take earu to 
release (rlic pressure of tla‘ spriiiic, either bv screwing’ down 
the nut l‘ or l>v unscrewing' the nxl M. 

llefore testiii*' a frcsli samjde (jf oil, the pendulum must be removed 
from the journal, and the biusses and jiainud must be wi)}ed 
tliorou,i;hly clean, usinj' firs* of all a spon^i-e eloth uid afterwards a 
soft (luster, and taking' care to leave no lint up(ni the surfaces. Thu 
lubricators, a a, ii;'. 77, are eleaiusl by rinsin^u; with etlu'r or bcn/.ine, 
then warmed, and as]>irated with air until every trata; of the soUamt 
has been ex])elled. Tiiey are then filled with the <h 1 to be Lusted, a 
few dro])s of llie oil are also placed U]«)n tlie journal and brasses and 
spread over tlie surfaces with the (dean liii^mr, and the piMidubim 
is replaced u])on the journal. Then the machine is run for a. few 
minutes with a free oil-feed to flush away the remaining tracu'sof the 
oil last tested, and the test of the new oil is commema'd. 

(b'l'at care mnsi- he biken iiottoalloyv the bnisses and journal to 
run dry and seize locally. Should this hapjK'ii during any test, tiie 
friction of the surfaces will he so much increjised in succec'ding tests, 
even with the same oil, that the results will^nol hi* comparable with 
the ]>revious tests. In fact, the effect njioii the frictional n'sistauce 
of the surfaces caus(;d by very small changes in tlieir shap(? or con¬ 
dition ih so great, ('sjieeially at slow sjieeds and at high jiressures, 
and with bath and |>ad lubrication, that ('aeh sample of oil b'sted in 
the machine must be coiii|)ared with results obtiiued by testing some 
standard oil imiiKslialidy before, and, preferably, again iunnediatidy 
after, the sanijile has licen testeel. If the two te-sts obtained with 
the stindard oil do not agre(‘, oiu' cannot lie certiin that dinerenees 
(Aiserved between tlu' sample and the standard may not be due to 
the fricti(jnal re.si.sUnce of the surfaces having altered during or 
between the tests. 

Wlicn comnu'iicing to use a new nuichine o:;^iiow bivisses, the proper 
b('(l(ling of the brasses W the journal is very iinporUint, and with now 
brasses is very tedious. A.s the most rapid wo'.iv tak(‘s place at low 
speeds aud under high pressures, W(? have found it best, when bedding 
new brasses, to rim the maebino 'under tlu'se conditions witli a 
miiK'ral lubrictvLbig oil of mothimtely low viscosity (c.//. 000/7 oil), 
removing each brass at intervals of a}H)ut tw(» hours and very care¬ 
fully scraping the high places, finally ruhbingr Iboin down with the 
finest emery papci* until the hniss is s^'en to Ix' beujdng all over. 
Another iuijxirtant point is to have a very hard su6’fa<;(; on the testing 
journal. If the journal be made of soft steel, particle.s of brass torn 
olb the bearings an; apt to bo.omo ondicdded in tlu' sti‘<;]: the.se 
gradually’gather more brass as the jsUinial revolves, and cw'utually 
suilicient is collected t<r cause local seizing to take place, and the 
surface o’f the brass iM'coines mined. 
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To sccnrc* fnctiomil rcsistuiiceN, and to o]»taii; almost 

wliolly di'jK’uluiit UJKH 1 Uic viscous proj)crtics of Uic lnl», .coiL, the 
])rassos should o.tclj c<»vor about onol‘our,.li of the cintunfc) ouc of thu 
jouniid ; no oil-wjiys sliould ho cut in Ui'dr surfaces, but the lubricant 
should be supplied by moans of piuls or other luHriavlors placed at Ujc 
sides of the journal. Tlic s|)Co<l of ruldmjg should not bo less tlian 
HH) feet ])er iiiiunto. When tliesc coiahtions oblaiu and the load m 
not too ^reai, it lias boon dcmonsti'atc<l ‘hat the fri(;tion is practically 
proportional to the viscosity of the oil, and is entirely independent of 
the nature of tlic coubiel surfaces or the oiliucss of the lubricant. It 
is only with fairly viscous oils, lij^lit loads, and good bibrieation, that 
the. oil pn^ssiUH'-tilm forms properly at spiicds lower than HH) led per 
minute. It will, of coiii’so, he uudei’sUsKl that dilVereut oils will heat 
diUrreiitly, and tliat the viscosity of the h^,iUr(i oil libu must lie taken 
For coiMjjarison with Uh* frictional dlbet, for the test to lie a fair one. 
On this account, when trials arc made in such a manner tbst liio 
friclion results entirely from the viscosity of the liipiid, tiu'oil which 
at ordinary temj)craturcs is most viscous doc's not always give tiic 
greatest friction, for the luhriciiting film is heatid several degrees 
above the teinperatuie of the surrounding metals by tlie work done, 
and its viscosity is thereby nslneed. Minend oils tested against 
animal or vegetibh- <>iis of the same viscosity will thus soimitimes 
give the lower friction, for the former lubricants, when heated, lose 
Llieir viscosity somewhat more mpidly than do the latter (sisi pp. 
H)S, Ifib). Ti'sts of this kind by no means show which is the best 
lubricant, and need seldom be made, for the actual \iscosity of an 
oi* and the elVei^t priKluecsi by increased temperature can be more 
satisfactorily uscerbiincsl with the \iseometer. 

The legitimate practical result ohtaiui*d by meehaulcal oil-testing 
macliines is, as has abviwly been pointed out, tlie detenuiiiatiim of 
the eomparative oiliucss or greasiness of liipiids and soft solids ; pro¬ 
perties upon which the power of luhrujants to prevent the abrasion 
and wear of contact surfaces largely de})end. 'I'iie method wdiieii has 
lieen most generally iwlyptiHl to det-ermine such properties has hi'cn 
to imperfectly luhricatj- the hearings, and thus allow' tie' surlaees to 
approach I'ach other so cl(Ksely that tfie <ul pros.sure-film t^amiot form 
prope. ly. It is Onssential that the bearing surfaces should come into 
close juxtiL])osition, if we are U) obtain a correct estimate of the 
value of difierent briussos, hmuzes, and white metals, for these metals 
are only used to cnabl^c the hearing to carry its load ^ iJiiout sutVering 
abrasion when Um cuiditions of running are such that the oil 
prcsKurc-filtn, mainfeiiied by the viscosity of thf lubricant, cannot 
form, and the surfaces approach each other closely. For tests of this 
khid, the brasses should be allowed to exioud over only alwint ono- 
hi’tii or oiic-sixtli of the eircumfeivm^ of the journal, and the lubrica¬ 
tion mav be supplied by means of lubricators or well-nioistcned pads 
at the sides. • 

>Supposing tw'o oils are to l>e compared witli one another,'testing 
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■ihoiilfl 1>.; coinraciicixl at a .spuwl of af«)ut nine iuelies to one foot 
|iei'niiiiui •, and at the liigliest pi'cssitve wliieh tlio oil r.id bearin'; 
will safely earry without si. zin;;. It will he founil, a.i i nile, th.at 
this pressure will he "ivatei the hijther the viscosity of the oil. 
Ilcpeated testa should he made with the xanie oil, at the samo 
pressure and spued, until sueeessive curves, cai'li corres))ondiuj; to 
one ooui])lete to-and-fro luoveuu'iit of the hnisses alou>; the journal, 
heeisne practically uniform. 'J'hree curves should then be lue.asurod 
with the plaiiimeter and the average friction calculated, thirves 
obtained .It this slow speed'and at liip;h |ircs.sures will probably be 
very irregular in shape, owino to variations in thi^-frictional ri'sist- 
aiice, due to sliftht irreoidarities of the surhicc; hut, if a smooth 
curve be obtained it will not, of coui'sc, be necessary to use the plani- 
nieter, and the average deilccliou of the pendulum can be read oil' 
directly from the scale on the arc. If the friction show a tendency 
to diminish continuously, the linusses arc probably not ju’ojierly 
bedded to the journal, aud the iiroeess of wearing them down must 
be eoiilimied. 

Having ohtaineil .satisfactory curves fniiti one oil, the journal, 
bcai'ings aud lubricators should be cleam^, aud the other oil tested 
in .a similar uiauuer. Knrthcr tests slionld then be made with both 
oils, first at from f> to 7 feet per miinite, and then at 100 feet 
[)er iniimte. It will be found that, .as the .s[^ed is inereasisl, gre.ater 
loads can be put ujsiii the bearings. At these higher speeds, also, 
the fi'iclioii will lie less variable, the curves traced on the diagram 
will be more regular in form, and an average deflection of the 
])uudulum can usually be rtsui olf directly on the arc. 

Ill the slow'-speed tests, the tomjreraturc of the bearings and 
journal will scarcely be affected ly the friction during tlic test, but 
ill the tests made at a speed of 100 feet per minnic, the rise of 
temperature of the brasses will be comparatively ra])id and may 
be made tbo basis of a test. Tor this piiqjiisc, the machine should 
be ■ allowed to run until a definite teiiqrcrnture of, say, 80° K. is 
reached. The pen should then be drojiped on the paper, the Lime 
noted, the oounlur index read olf, and the aVinigc deflection of the 
pendulum observed and recorded. AVIieii the thermometer indicates 
8.5° 4’., the time and the average deflection of the pendulum „hi)u!d 
again ho recorded. These observations should he repoaU'il at mtorvals 
eorros])onding to every five degrees rise in temperature, until either 
the temperatiriL has risen to, say, lilO” K., or the journal has por- 
forniud .30,000 revolutions. Some tests made in this way arc recorded 
in Tabic Xdlc. < '■ 

'I'lie results recorded in Table XCiil. were obtained by testing 
diflbrent oils at a nearly uniform speed of 7‘2 feel per minute, and 
under a constant average load of 271 lbs. per square inch of bearing 
surfivee (measured along the arc of contact). The tests we^'e made 
eonseentivcly, in the order stated. 
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TajuiK X(Jlc. 

TcbIb jiimU’ ftti 11 Siiei'tl "f Sf''' t pKi' nuiiuto 

' ‘ Aiuerlrau Mintirul OjIb. ' 

i . RllBhllUl ' 


Orscnptu'ii of oil. 

Olivr. j 

1 


Kai»e. 


S4ilar 
Kc-l , 
Kujiinc j 

Sjicinn] 

lied 

Mineral 

(HI. 

8]n'fiiic i'luvtty ij. 

0;iH0 j 

0*017 

O'Sm 

i'’ 

o-ooo 

: 0-017 1 

t 

0-93G 

0-907 

uu r., 

Viwiisity at UO 

■' F., 

0-98 j 

0-93 , 

1 ]fi 

1-11 

‘2-OG j 

3-0 

3‘48 

Nu!ttl»‘r "f O’ 

vohi- ' 

1 

3n,000 ! 30,000 

30.000 

' 30,000' 

30,000 , 

! 29,100 

32,000 

lions, 

'IViuiii'iuUnc 

rose 

lOn-O" i 

1 ior.-o" 

108-i/' 

. lOG 

llO’-r 

1 l]3-8'‘ 

117 "2" 

front 80'- F. 
C(5ciricirni of i 

to, 

from 

■00.') 1 

•004-1 

, -ooruo 

' *00IG 

•0074 

; -0078 

, -OOS;' 

friction frli 1 
(lann,u' lo.st * 

to 

■0031 

■0030 

, -0039 

•0031 

•0037 

' ■D0:J7 

•0037 


Tabi.k XC'Iix 


Si'i'iHli. 7*2 feet iwr nuiintc. 

WKKAaL 271 llw. p»r wjware inch of lienrhigMirfuco. 




..•St 

oil UHcti. 

No 


107 

AitH’ricaii mineral ml (fr036), 

I OH 
10!) 1 

lliii-si;in mineral oil (0'907), 
Ruhsiau mineml oil, 77)^, . 

1 Rajie oil, 25/, . 

„»{ 

1 Russian mineml rgl, 25'/, . 

! Rape oil, 75/, ' ’ 


Rape oil (o-Oi -l), _ - 

! "'i 

1 Aim*rican mimualoil, 75/ 

j Rapt' oil, 25% . . ^ . 

1-1 

[ American mineral oil, 25/. 

' Rape oil, 75% 

1 

i Russian mineriil oil, 75/ . 

1 Rape oil, . . . 


at(X) K. 

1 

Average i 
(‘noHlciunt 
ofKucliou 

Teinpcvatiire' 
uf Ucanugs. ! 

1 

. • 30 

■0035 

Ki’F. 

. : 3--m 

•0035 

or.F. j 

;}i - 

•0023 

RV 1'', 

11 ••• 

•(J037 

(if." F. 

! ; )'i« 

•0012 

06'5" V. 

• l! 

- 


G-r F. 

■1 ... 


(i,V F. 

. ) 

. V ) 


;}i ... 

•0025 

6D-.'-)" F. 


• 



Tho inixtui’os UHcd iii five t»f the tosts were nunlo with tho s^ino 
of miiioml and rape oils were used for the reiiiainiiig 
thre^' testa. It will he observed that, at the conii)iLrativL*ly slow 
apecd used, both the initieral oils gave lower cocflieieuts of friction 
than the rape oil, owing to their iuueli higher viscosity, hut the 
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iiii^Um'S'"avu Iciwoi'(MieHioionlri tluiii eil.licr (if tlic pure oiIk. It is 
alsd |■(’llllll‘lillllIe that tlie iiii.xtiive (if Russian nil (vitli -•') [cr eenl. of 
ra])e oil oi'vo a nineli lotterifrietioii than tlie mixture '..lUi 75 |ht 
cent, of rape nil, and the saiif.e vesnit was ohtaineii on rcjH'atiiijj the 
test; see No. 11 1. The almost identical resnlts ohtaineJ in tests 
Nos. lO'J and 111 prove the comparative accuracy of the si'ries. 

The residls recorded in Tahie XCIk. show, in an interesting 
manner, how the friction changes with the loa-d at low speeds, how 
miieii more rapidly it chanf;os at a speed of less than one foot per 
miiiiiU' than at nine times'that speed, how oreatly an increase of 
speed may affect the friction when the load i.s ei,'.ista,nt, a,nd also 
what an important inllnence the viscosity of the oil has upon this as 
well as, Generally, in redneinp; the friction at low speeds. The 
marked diff'erenecs in friction redneinp power at these low speeds 
lietween the three fixed oils, and lietweeii rajK‘ oil and a mineral 
liilirieatino ml of very nearly the same viscosity, will also he 
noted. 

Taiilh Xdlii. 


[Uissiiai ! 




oLve , 

IhUG 

JlaiH* 

Anu-nciiii Mineral 

Mineral 



Oil 

Oil. 

Oil 


Ills 

LnLi 



1 






(Ul. 

SjH'i'itic (Imvil V iit GO' 

0-yiG 

0-917 

0*914 

0-906 

0-917 

!rl)'56 

0-907 

Viscosity al GO ‘ K., 

0*98 ■ 
1 

0-w 

1 16 

1-U 

•2*06 

:5-u 

:5-r. 

sjiceii. 

. Load. 








Feet Jifl' 
Mlnutv. 

I,}>N jier Hrjoarc 
incli of HcariUK 
Surface. 



Gotjjictnib of Fnrion . 


0-8 

120 

•iiOii.t 

1 

•0041 1 -OO'Jli 

•0027 

■0021 

■001 f) 

•0011 

” 


•0150 

•0128 

•00U5 



•001-2 

•0012 

7'0 

138 

•001.8 

■OOl-l 

•OOl'J 

•0018 

•00-27 

'om 

■I-K'i 


ir)7 

•0018 

•OolG 

•0016 

•00-21 

(1021) 

•0038 

■0031 

i> 

jiti 

•002:5 

•0020 

•no's 

•00:05 

•0O;55 

•0042 

•0033 

lOf) 

•0040 

•003t 

•0019 

•00:55 

•004'J 

•0042 

•0034 

t j 

2c:' 

•OO-IG . 

•004y 

•00.3'2 

•0058 

^ 'U05;> 

•0057 

•0053 


-S'v ■ 


Useful comparisons of oils can thus' he made with Tlmrston’s 
machine, but we are Ismnd to admit, as the ntsnit of much experi- 
eiiee, that when facilities exist h^r making complete examinations of 
oil by viscosity and other lalionitory tests the results obtained by 
the machine can [rc(juenUy be predicted) and are, therefore, of 
limiU'd*valuc. The fact ts, that tJic machiuc tests which arc most 
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valiliihk' aro those luado under conditions whieii au- ve y lieblo to 
d!».iaai;(' tl^; fru'tion surfsu.H‘s, and which, tiiorcfoi’c, nu*;- • .cruraic 
coiuparisoiv ijctwt'cii diilbrent oils c:tremoiy dilhcult t.'ohtaiu. 
IA)i instance, it would he useful to kiio /, in (•(Hripanui: oils one wilJi 
sUKjtlu'i', which oil will carry the greah'st load without sei/,ing ; hut 
if, ill luakinp' such tests, the hearinji surfaces shouhl aeeideiitally 
S(‘i/,e, even momentarily, duina^^e may he done to them which would 
taki' a. lon^^ tioM- to repair, and which would necessitate the repeti' 
lion of the tests which iuul lavn mad<' previously Li the damaj'c. 

'riiurston states that his machine may ^le used for the jmrjiust' of 
aseerlauiin^ 1 lief^ui-.min^ ])ro])Crties of luhriemits, and also their 
durahiiity. No doubt with care some idea on these points may be 
obtained liy the nse of nu-clianical testem, but such tests are usually 
liettcr made iiy physical and chemical melliods. 

Many lubriciinls wiieu e\pose<l t(» the air take u[) oxy’^en and 
liecome thick, i.c. tlii’V ^um. Tliis chanj^e in the viscosity may be 
scarcelv aj)[)rcciable when the liquid is kejit in bulk, but wlien it is 
spread OMT a bearing; as a thin film .and ex[M»<ed to the air, it may 
rapidlv Itecfitiie a sticky mass and cease to lubricate. \ltlK»ii^!i the 
extent to which this change tikes phuje can bt' more satisfactorily 
measured by nu'thods which liavc already been fully described (p. lido 
c/ '<rij ), useful informatimi may sometiiiK^ be i^ained by measuring 
tlu' c'lb'ct produced u|Mm the friction em'tlicienl. The bearinj^s sliould 
be luiirieated with justsuOiciciiL oil to wcl tliem well and yet not run 
ofV. The journal is then run at asj)ee<l of alsuil KH) had per minute 
with a very iijrbt load, and the friction and tcm|>eratiire noted when 
tla‘\’ have ceas<‘d to vary appreciably, lloth brasses are tlu'ii removc'd, 
ami the(':ontact surfaces, proU'cUal from dust and dirt, are allowed to 
remain (‘Xposed to tiic air fur a day or two. The brasses are then 
re])lni‘ed in tlio machine and a U‘st made as before. If the oil lias 
tbii'keiied, Llic friction and lieatin*^ will be jireatev than before, 
'rests of this kind are, however, very likely to injure the friction 
snj'Faces, a,nd it is, therefore, very ([uestionablo whetlicr it is worth 
while to make timm. , 

Mitny lubricants which are liable to ‘jam may also become acid 
and attack the heariuji surfma's. Metallic soajw are thus formi'd, 
wliichf dissolvinj^ in the lubricant, cause it to thicken. Mineral oils, 
which do nut gum by oxidation, may contain light constituents wbicii 
evaporate aiul leave- tluckcv residues behind. For these and olhor 
jx'asons. an increase iu^tlie friction and tem})orature vi fi hearing after 
stiuiding fora tinie^ljws not prove tliat the oil has really gummed hy 
oxidation. ‘ • 

l■br tests of durahility, titc lubricant may either he supjilicd con- 
•vii'uously in such siiinll (juantities that it sliall not run oT tin* hearing, 
but shal] yet wet it well, or jkuIs soj^ed witli a dcHnite quantity of 
Oil may he lightly ])re»{ed against the si<I(‘s of the journal. The 
TUfUihiiie is then allowedHo run until the friotiou and tenqairature 
begin to rise unduly. For some time after starting, the lubricant 
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reJiKiin.s ki jioud ooiiiiilion, the; tiCiniHeiittiirc l;(’c()tiio.s Htuufly, :ii»i the 
friction rkmeliux a iiiininmii'. Ax soon, liowcvor, iis tli/; lutiricaiit 
tliii.leciis, Iff liocoines fluir};o(l with materini worn oil' the 'icariilf's, or 
with soii|is rcsnUiii'; from itn acidity, the friction and temperature 
be.eiu to rise, Tlie [iartioidar oil the Biuiilh;st (piantity of wliicli will 
keep the hearintJ in flood condition, is considered the best to use for 
the piirtimd.'ir load and speed of rubhiii)'. 

When the lubricants ai'o ftotsl and are little allbcted by the atiiio- 
sphere or the niotallic surfaces upon wdiich the)’ rest, they continue to 
keep the beariiifis ci«>l much longer than when they are acid, (;\idiz- 
able, or contain iieht and volatile constituents. > 

Hiiiilh’x i<'firlivn-Ti’ft.inij MacJiiiw. — This macliiuc (lio- 7S), de- 
sipiued by I’rof. lloht. It. Smith, is used in the onoineiu'ino laboratories 
of the t'uiver.sity of Ihrininoham. It somcwh.at reseiiddcs a Thurston 
machine, the pendulum of which is suspended in a horizontal position 
from above its c<'utrc of onivity, thus removiup from the journal all the 
prcss\u'e due to the weioht of the pendulum and its (mnUiined parts. 

The tcslinf; jounial, li, which isin be made of any desired diameter, 
is screwed into the end of the shaft A, driven by the coned jiulleys, 
1' I’ 1’. The bi’ariiiiis, C (1, are pressed the journal by means 

of a powerftd spriu’', enclosed in the banvl 1), the spriiif; being 
compressed and released by iue.ans of the sermv li, the worm-wheel F, 
and the wmiu .and hand wluvl gejiring V, 'file weight of the barrel, 
spring, bearings, etc., is Bup]K)rtal by nuvan.s of the susjicnsion rod G, 
lever II, and weight tV, the )a)sitiov. of the latter being adjusted so 
as to keep tlu' lever lloating between the stops 11. 

'I'he journal friction and tonjue is balanced by the two equal and 
opposite forces cserted by the two ends of a fine whipcord or fishing 
line jiassed over the three small jiulleya K. K K, the two ends of 
the eoril hciiig attiuhed at tspuil distances on either side of tlic centre 
of the journal 11. 'J'his cord i.s Lightened up hy the nut N, through 
Die Bjjrhig bidauec M, until the, lever H floats freely. The tension 
on tlic cord, re.gislered liy M, measures the frictional moment. 
Thermometers, 'i' '1', register the temperature of the hearing,s. 

Prof. Smith informs ns that this machiiTs measures the friction 
witli extreme delicacy and aiamracy, and tlic lever hi keeps floating 
so long as the conditions (pressure, Icmperaturo, and lubri sation) 
remain uuclianged, 'The smallest t iriation in any one condhiou 
throws the lover on to one of its stojis. The machine gives higher 
coellieienls 'jf fWedon than other metiiods of test have done, due to 
the form and arrangement of the hras.so,s. 

Lot T = loud on spring balance in potnuls. 

(• = distance helween pcr|)(ftidicidars through centre of 
• journal and iminl of attachmcfit of cord. 

p~ total pressure ^f brasses on journal. 

. )■„ = radius of journal. ^ 

f =eocificient of friction. > 

# ’ ni • 


Then 


( 10 ) 
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Marim’ Oil-l(‘xHng-Maclnw'. —This mncliine, li};s. 7!) and SO, 
dasi^nii'd fly Prof. A. Martous. has a general rcscmljlauL-c to <'"iiuretou’s, 
hut is ino'ijtii'd in immorous I artioulai's. 

The hollow sha.'l and teswiif; journal are providcsl witli a water 
spray cwdinj; and a steam iKaitinu amiiif;oment, for regnlatiii); the 
tcmpei’aturi' of llio oil-film. Tlu' s))eed of the shaft is kept constant 
hy means of a reoiilalor. Throe hronze licarin(;s arc fixed in the 
head of the jx'ud(diim, one on the top of the journal and the other 
two at distances of 120” fixuii centre to centre on either side. The 
journal has an outside diamoter of 100 mm. and a leiiftth of 70 mm. 
The hearings liave a width of alsiut 20 mm. aid !ve ])ressed on to 
the journal iiy means of a .Napoli hydraulic compressor screwed into 
the head of the peiidnlnm. the pressure heiiig iiidieated liy means of 
a maiiometei'. Luhrieation is aU'ecteil hy means of an oil-batli into 
winch tlie undi'r,sido of the journal dips. The oil eaii he cooled or 
heated hy circulating water or steam through the double walls of the 
l)alli. 

A detailed description of this ninehine and lh<! motliod of working 
it will he fonnd in a reiwrt hy Martens in the A/ilfi’iluuijen mis 
den Kimiglirlieii, ferhniseJtcn Vemw'hiurmtaUiv, 1389, Krgaii/.ungsheft 
V. pp. 12-20, and 1890, Heft i. pp. 1-8. 

'I’lic maehine was also fully doserihed and ill^trated in Engineermg, 
l.'ith .Inly 1891, to the proprietors of which journal wo arc indebted 
for the Mocks from which figs. 79 and 80 arc printed. 

Imiltam ami Stajife^.s Oil-lefting Machine. —This tester is furnished 
willi two brasses, one almve and one below the journal. Kach l)ras.s 
covers nearly half the circumference, and is held against llie journal 
hy a weight and lever. It Ls run at a speed of from 1500 to 2000 
revohitions jier iniimte. Siiffieicnt oil having been put on In prevent 
llic journal from heeoming diy, it is run until the temjieiaturc reaehes 
200" K a,s indicated hy a thermometer. The machine is then stopp<!d 
and llie total nnmher of revolutions since the commencement of the 
teat is read off from tlie counter. It will lie seen that the conditions 
mider which tlie lulndeant is tested are sucl) !is to merely give tlie 
effects resulting from its viscosity. Tlio macfti..o is shown in fig. 81. 

Ashcroft’s Oil-testinij Machine. —This maehine !,s a modified form 
of the Ingliaiii and Stapfer design, Imt has a different arrangcni'int of 
lovers for varying the prc.ssnrc on the* journal, is fitted with a dial 
arranged to show the frictional resistanec, a counter to record the 
revolutions madWi'y the journal, and a tlicrmoujotcr to measure the 
ri,so of tcniporaturo resulting from the heat liberated. 

The journal is of leitlior large diameter compared with its length, 
'and against it two brasses, each covering nehrly lialf the eircimifcroneo, 
arc pressed hy a system of lovers and weights. It is manipulated in 
much the same way as tlie Inghaii; and Stapfer machine, and furnislics 
similar information. Tests for oiliiicss can only he propeily made by 
cutting away the brasses, ipereasing the loaxhi, and ruiiiiiiig at slow 
speeds. 
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Stroui.Upij’>i(Hl-'l\‘titinijMiirhin<>.-~T\i\iimnc\imc was ’. nili, sn as to 
niiko the Jitiuiis of running closely ri soluble those of a I'l riage 
ir locomolivo axle. It lues only one belling, wliicli rests .ip. n the 
evolving axle A, fig. 82. Tlio bearing cCirries the beam C, which has 
niifo edges at the ends, upon which rest the suspending links and 
voights for applying the load. G is a small beam and pan. 

When the journal is in motion the link 1> is dojircsscd, but by 
ilacing weiglits in the pan of the small b.dancing lover it is raised 
intil the jiointcr P indicates that the beam is in iUs normal position. 
The weights in tlio pan are then a meas.irc of the frictional resist- 
nice. H is a sii^ill eccentric and wheel driven by a worm on tlio 
naiii shaft. It keeps tlie brass continually moving to and fro, side 
)l.ay being necessary to cause the surfaces to remain free from 



Fio. 81. 


jrooves. M is an oil-pad, which keeps the journal constantly 
ubricated, N is a siphor.'lubricator, R is a revolution counter, and 
P a thermometer to show the temperature of the jounial. 

This I tnaehiuc, Goodman says, when accurately adjusted, runs 
.atlioi more steadily than Tower’s machine, consequently there is 
css liability to error in taking readings. The lubricating arraugc- 
nents are easily accessible, and the bottom of the shSKT is quite open. 
Then agai'i the load is conveniently situated, being quite free from the 
'ramiiig, a very impor®it point, considering that the weights often 
imoiint to as much as 2 owtl. each. But the disadvantage in the 
maclime is’tliat the fnost scrupulous accuracy is roijuircd in makiitg 
;ho weights exactly equal, whilst tha beam and links must also be 
jxaetly balanced. The halancinj; of the weights and beam is effected 
is follows;— • 

After the beam lias been machined very accurately, so tlia't tlie 

*• 23 
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jiiw.s iiilo wliidli tliB lirixHses fit lire central witli tlio knife e(lge.s on 
wliieli ilie weifilits liiin^, i temporary knife ei]f;e is iiited in the 
centre of, llie jaws, and tli<thonm itself balanced iiiion it;. Tlie links 
to carry the \vei;;'hbs havinf, been hunj; on and balanced, the knife 
od,ae is reiiiovod, and the brass havin'' been fitted in is plaeeil on 
a short mandril which it exactly fits. 'I'hc whole is now placed on a 
smooth level plane, and the beam a"ain balaneisl by adjiistinp; the 
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brass in the jaws until the centre of the mandril is central with the 
knife ed^'cs; by this means, a jiraetieally frictionless vibrating 
, balance is obtained. The weights then'..selves are placed on the links, 
and each pair balanced and marked. ' 

After the machine has been running for some time its balance 
is disturbed, unless the direction of motion has been p(iriodie,alI/ 
'reversed. This results from the wear Iwing chiefly contihed to the 
. ‘off’ side of the brass, a pDiut to which attention has already been 
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iiilli'd. Til" iiici|uality of wear is occasionally very rapi'' ini(l(T’ 
louvy loads,',i few days’ Imnl runniiif' lai sino tlie brass to wear O'Ol 
nob out oF centre. Siippos(‘ llie load b) be 1 ton, or t’:14011 ,s., wbicb, 
ivith an eipiivalent lenotb of arm of iueboy, oivos an error of 


0-01 X I 
li 


=(r:tll 111 . 


( 11 ) 


.11 the ,se.alo pan ; this, with a 7 inch sh.aft, .s'comos an error of 0’0028 
in the coellicicnt of friction, or an error in some instances of as nmc.h 
IS 100 per cent. Thus, a very small or or in construction, or any 
lisplaeement duetto uneven wear, has a serious etTuct upon the 
reiidin.es, a possibility wbicb should never be lost siglit of. 


The l■.(l('ffil■ienl of friction is uilcnlated as follow.s;— 

bel. -r.nliii8 of journ,al. 

l’= weight on brass, 
b total frictional resislance. 
r —length of main beam. 

- leverage of scale lieani. 

X 



W I weight in }sin. 

Tli.'u 



X W'o 

Ul<i 

\Vr^ 

.1’ lVr„ ■ 


{Vi) 

(H) 


ili'awliaiiiji Tnmr’:! Kj-pcrim/'nlal Tediiuj Machiim. —W'itli this 
iiiaebim', a series of exporinients was made on the friction of journals 
by a Ciimuiittee of the Institution of Meclianiisil Kngineors.' By 
iising pad and liatli lubrication, and running the journals at iiioder- 
itely-(|uick sjiceds, results were obtained wbieli were closely in 
igreeiiieut with eaeb other, and which demonstrated that under 


iome eonditions of running tlic friction of a journal is extremely 
iiiiall, and is indcjKmdont^of the nature of the conbact surfaces. A 
iicoretical examination by .Osborne Rcynokls '■* of the results obtained 
ibowi'd that the friction wins wholly due to the vise.on.s jiroperties 
)f 'Jio lubricant, and indcpendi'iit of the nature of the surfaces and 
it the oiliness or grcasincss of the lubricant. 

-As the viscosity of a lubricant c.tn he more satisfactorily determined 
ly the use of a properly-constructed viscometer, and the conditions 
ilitalning at high sjieedi^do not give any information coneorning the 
liliuess of the liipiid used, nothing in the nature of a test of the 
juahiy of oiliness can he made with Tower’s mnehine, unless tlio 
londitioiib of s[)eed and load hi such that the oil pressure-film does 
lot Foiiii. However, as the results ohbaiiied with this imi.chine 
mabled the true theory of ‘perfect’ liijirieation to ho worked out, 
Itscription of it will not be out of place. 


‘ Vi'tK. hisf. Mt’ch. Kmj.y 1883, p. 632. 
2 Vliil. Traivi., 1886, p. 165. 


a 
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■ U)>(>r' tlie roliitiii^ jiiiirnal A, fij'. 63, ri'Hts a lirass bciiriiif; B, licld 

in !i franw (J. A knife edjiV, secnved to tliis frimio ('xacily buneiilli 
its (lenli't, KUj)[K)rks tlu' wOii^'hts \\ by iiicans of wlifuk the load is 
applied. Thu tnriiiii};: moiliciit, rosiilthig from the friction of the 
journal and brass, is balanced liy means of weights placed in the 
scale pan slmig from the light inni frame 1>. A pointer, E, and 
gradtiated scale, indi<"Ate when tlie frame is in its la^’inal position. 



Tlic bottom of the journal is kept well lulj^'-ated by the oil-bath 11 
into which it dips. 

When working witli a weight 70 in the scale pan, the coefficient of friction 
is obtiiiied as follows 

Fr„=)rr . (W) 

and .('•>) 

When working with a pointer E and no wale pan, and iiie.asnring the 
angle 6, the centre' of gi-ardty of the weight k'iiig disjilaccd a distance r’ on 
either side of the centre of the journal, \V P, 

Er„=^W.> .-.^'='111' .... (17) 

'll 

and . 

' 'o 

(hndmm’s li'nrlion-Tfsthnj Afncf/fae.—The earlier form of this 
machine (figs. 61 and 85) is a mod.fieatiou of that used by Tower, 
the eorroctness of whose experimental work has been amply confirmed 
by its use. A number of the experimental results obtained with it. 
have already been given. It is thus descriV,od by Uoodinan:— 

A is tlie journal on which the frictional resistance of the britss B is 
moasuretl. The latbjr is tightly fitted’ into the east-iron stirrup C, 
from which the weights are suspended by the link D, which rests on 
the knife-edge E. The oil-lia'h, F, is filled with oil, into which the 
bottom of the journal dijis. A Inbpcator, G, is provided .for siph'dn 
cxpiyimcnts. The temperature of the jovmial can he kept fairly', 
constant by nsing„f.ho circulating water-pipe H, the waste from 
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wliioli is tfii'i'icfl iiway liy tlio pipi' .1. Tlic sliafl is drivci l)y tlio 
liiUio olmi's K, tlie rcvolutiram of which ij'c regisk’vcrl iiy tlio coimlcr 

L. 'I’iio tcit'|ieraluro of Uic Imuss is r(‘,i;]s(oml hy the thcrinouicter 

M. The arm 0 carric-s the sofilc pan wliieh is sus))eii(k'(l from 
the kuilo eclfju S, tlie iviiolo of which is cimiiteriialancwl i)y the 
wcifllit N. I'lio poiiiler I’, tlic lono iirm of which is iiiilaiKjcd hy the 
small wui;,'ht 11, iudieiites when the anii 0 is horisunliil. 



An improved form of tliis inrx'hine, (Uisciilied hy (ioodinan in J'ln^. 
I'aUiin, No. 2:i2flr) of 1895, is illnslreted in longitudinal section 
ill llg. 80. The weiglj^t is suspended from the stilEnp hy means of 
n parallei motion device^ which penuits the stiiT'n[i and the hearing 
fixed in it to tilt or ro'tato through a small angle without altering the 
central direction or [mil of* the load. The weight is a])pliod hy 
inciois of lovers, anft the friction is meitsured hy means of a floating 
I steelyard attached to the stirru]). , 

'■ lleforring to the figure, A is the tcsVboariug and B the axle U])on 
whieli it rests. C is tlicj stirrup and U the Hoating steelyard. E 
and F are a pair of eounuotiug links of equal length, suspendei? from 
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Um! stir'iip (' liv im'aiis of tlic knife edp's 0 and 11 rcspc’ctivcly, 
whicli an' filUai in Uki aid'k of flio stirrap 'I’hc lov.'i'r ends of 
llielinkhj'i and K oarrv aiisiK'ndcd from tlioin by iiioriiK of kiiifo- 
odm'S I and .1, tbo cross-bar K. Mid«ay bolwoeii the knife edges 1 
and .1, the cross bar'K is jirovidnl with a knife edge fideruiii I., from 
wliieh is suspended the eenlral connecting link M. The lower I'nd 
of the link M is connected by a knife edge N with the lever 0 ol a 
eoinpmind or other lexer arrangenient. 

It will be oxidont that oxxing to the jiarallel motion device fonned 



by the stirrup (tj’.ii'osshcad or cross-bar K, and links K and I', the 
imll of. tile link M is transmitted Ihrongh the centre of the a,\le 11 
[larallei to tiie links It, K, and M, xvliethcr tile lioating steelyard 1) 
he in a. liorizontal iKisition or he tilted tlirongh a small angle by the 
frittion hetxvecn tlie bearing and iitle. ' 

'The knife edge II is ])roionge,d at one side, so ns to he fitted xvitli 
a lever Ik The outer end of the lever F is provided with a hold,' 
through xxhieh ]>asses the screwed rod t^,' the rod Q, being hinged 
at U fx) tile stirrup 0.^ Txvo nuts, one on oacii side of the lever ?, 
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(itU'd oil tlio rod Q, liold the lever 1’ firmly in [lositior,. If the 
he.'iriiif; .if the knife edge I! is not a, - cxaetly the same ilistancc 
from the eertie of the axle li or hearing A .as the knife edge (!, then 
liy slackoniiig one of tlie said nuts and tightening nji the other, the 
knife edge H is tilted in one direction or the other, so as to move 
the hearing edge of the same nearer to or farther away from the 
centre of the axle IS or hearing A, as may he required to make the 
said distances e.vaetly equal. 

Witli this machine, (loodman has carried out an o.xtcndcd series 
of tests of antifi'ictioii mcUls, hall hearings, and roller hearings. 



Ttu'. Riehlr U.H. * Stm^liird ’ Mmhine for Terliny Oiis and Hear- 
hi'j Mefulr. — This nr-eliine, fig. S7, is a m<«lification of (loixl- 
n.an’s, and i.s made hy his courtesy. It can lie used to test 
either the wearing (jualitie.s of different bearing metals, or tiic 
hthricating pro|iertios of various oils. The l<i,ad on the hearing is 
applied hy iiioaiis of a tnrnimekle eomieetion hetweeii the lieani and 
lower lever, and is weighed on the heain hy a luge poise. The 
friction ill pounds on llie periphery of the journal is indicated by a 
poise on tile upper or friction lieain, rciuliiig hji increments of one 
pound. Tile journal of tITe machine is mounted on four large 
rollers, wliieli reditCi tlie fiiction and prevent heating, wliieli wmild 
atleet the results of temperature te^s, Ilall tlirnst collar hearings 
prevent side motion of the journal, and take any thrust in this 
(Ureetioii which would ealise friction. 

The hearing to he tested fits in a cap to which the yoke fr%mo is 







Fig. 87.—Riehle 
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aUachod,; lliiH yoke frame is fitted with two knife elites a iiiilistaiit 
from tho'iiealre of the shaft; two clcvie>s join these knife edges with 
similar kn'fe edges in the equidistaiu lever below, f'-oin which 
coniioetion is made to the intoriucdiato lever and the load heani. 
'file yoke frame is thus perfectly free to rotate about the journal, 
and any tendency to do so will show on the frietion beam. The 
inaehinu is arranged to allow the pulley to drive it in I'ithev direction. 
The Iks. standard ‘lest hearing’ of niiie S(piare inelies projected 
area is used. The oil may he supplied I'roai a sight-feed oil enp, 
which <'an he regidated ; in which case t is dro|)ped on the journal 
in front of the t^ist hearing, distrilmles itself along the edge of it, 
and is carried nndomeath the journal; or a jaid may he used, which 
is saturate<l witli oil and placed in a dmwer beneath the j(}urnal. 

'I'liis maehine is made by Die Kiehh' liros. Testing Machine Co., 
of I'liiladelphia, I’ii., from wlnisc pamphlet the aliovc description and 
illustration arc taken. 

Kmijuliiiri/’n Oil - h'nlhiy Machim.- —Prof. A. Kingshni'y has 
described’ a maehine and melh(»ls of testing oils de.signed with 
s]iecial referenee to the conditions under whieh the ctleets due to 
oilincss or ‘ body,’ on the one hand, and viscosity on the other 
hand, may he investigated indeianidenlly. The ajiiiaraLns used is 
also servieeahlo for tests under any iutennediate condition. The 
following description is taken, by permission, fiiHu Kingsbury’s jtaper. 

k'ig. ><6 shows the general ;ip]X’ar:incc of the ti-sling machine, for 
riie frame and driving jrarts of wdiich a It-ineh drilling machine was 
utilized. The lest journal has its axis vertical; it is snsj)ended from 
the spindle hy means of a flexible eonpliug .and runs hetween two 
oppoised bearings in a cylindrical enp or case, which may he filled 
with the. oil to be tested if a ‘hath’ is desired, d’hc load on the 
hearings is provided hy moans of a helical spring of 900 pounds 
capacity, with screw adjustment and with a device for (juick 
api)lieation or removal of the loail without dislnrhiug the adjustment. 
Tliis spring is enelosec^ in a horiamtiil tube athiehed to the side of 
tile oil case. Tlie cu]) lias a cover with a small hole for the insertion 
of a tliennmnoler. 

Tlio oup and atlnclicd parts are liomc on a hollow vortical sjiindle, 
1;; iuc’uos in diameter, tnniing freely in a sleeve sujiportcd from llie 
frame of the machine; tlie spindle extends about two feet below the 
sleeve, and is suspended from a fixed bracket hy a tempered steel wire 
jmssing tlirongli tlie,spindle to its lower end.‘’In testing, tlieso 
fnspotidtd parts turn freely to a jiositioii where tlie torsion of tlie 
snspousiou wire balances the friction at the tent jmirnaJ, and tlie 
angle of,torsion, wliioli may lie as great as ‘270°, is road from a 
gru'hiated disc. Tiic suspended parts being couutorhalanccd, tirore 
‘s no appreeiahle pressure of the niindle against its sleeve; and 
when the oil in this hearing becomes evenly distrihuled, tlicre is no 
error from friction, as lias been amply proven hy tests w^jtli an 
‘ Tram. Aiiier, Sac. Neclu Eny., vol, xxiv, ,(11)03), 143. 
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‘(Ij)liciil Ijvor,' ns v.cll us liv tin’ unifuniiity of tlio rpsull^ in use. 
At (iio siiuu' timo, tin.' visefsily of tlic oil sonos Lliu pm-posc of 
(liiiiiiiiiio till’ osfilliitions ttliii’li .•in.sc from Ynrintions s])(.>i.'il or 
frk’tioii ill t!n’ tost joiiniiil. This iiioilo of siispoiisiou oivos liiroo 



• * \ 

iinlicnlioiis for vory small friolioi|^ at tho tost jminiiit, while ii holiciil 
spring; [iliu'cd on tho oxtoiisioo uf tl^o spintilo is added for test^ 
■involviyj; oroat friotioii. ' 

Tho .ouj) and lost joynial ooiitaim'd in it may ho heated as desired 
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by II liHjiscii Ilauie. Tiie iTviiluIimis oj tlu' jminwl iiix' iiuiii'ated by 
II I'diintiiii; duvico, not shown in tbn lijiinv. 

For losU'involvino ptTb'ct biljnci.'ion (rriotum due viscosity 
only), tile test j'urniil used is Ij; inebes diiiiiietcr, nl tool steel, 
burdened, ground, . nd polisbed. Tbo brasses are sectors cut I’roni 
a rino finished in the lathe, each havin'; an are of iilioul l‘J0° 
and a leiiptli of tl inebes. These brasses are fitted with some care, 
so that when perfia-tly clean they may lie made to adhere to the 
journal after the manner of well-fitted ‘snrfaee jilates.’ In makinj;' 
tests, care is taken to prevent wear o( tliese parts, whieli are used 
only under such,loads that tlie oil film etVeets eomiilete separation 
of the surfaces and entirely prevents wear; the load is always relieved 
before starting or .stojipinp; the j'oiinial; anil, linally, a frietioii device 
in the driviiip' eunpling Bafepjnanls the jminial from motion against 
e.veessive frielioii. These iireeautions against wear are iieeessary to 
ensure tlie eunsl.aiiey of results. 

For tests for eoinparing oils with resiieet to ‘ body ’ or iiilines.s, the 
best results have been obtained by the n.sc of a bardeiied mill 
polished steel jiiiirnid } inch in diameter, running lietwecn two brass 
liearings about J ineb long ; on tins small jonnial iiressiires U]) to 
8000 lbs. per .sipiare meb may be ."pplicii, if nee.es.sary. The .saiiiiiles 
of oil U) be eoiiipareil are eimtdned in small linuss eiips pinned inside 
tlie ease anil surrounding tlie test journal, eaeb eup iiaving a wire 
for transferring oil to the jonrn.il; the ease, saiiiple.s, and jiiuriial 
are beiiteil together to any desired ti'iiijicratiire. 

hi testing for ‘limly ’ the oils are eompareil in pairs, being applied 
alternately at the iijijier end of the bearing, one being ajiplii'd until 
the fi'ietion lieeiiines eoiistaiit or nearly so; tlie otlier is then ajiplied 
until it ilisjilaees tiic Hint anil the frietioii again becomes eimstant 
at the new value ; this priwess is rejieateil several times. The oil 
giving the less frietioii is a,ssiiiiied to li.ave tbo greater body. In 
this way, the order of the Ixiily values of si,\ saiiiplesof oils of the .same 
class may generally b^ determined for any given temperature in 
an liour or less; tlie friction indieatiiiiis rapidly follow the elianges 
of the oils and are gem'rally ipiite coiisislent. When the nils to be 
compared are of ditlermit classes (as mineral oils with lived nils), 
the 6r*t friction indications on elianging oils are freijiiently mislead¬ 
ing, and a longer time is reipiii^'d to ensure eertainty of resullK. 

The speeds for the ‘body’ tests are made rather low and pressures 
not unneee.ssarily big[i, in order to avoid bealinjf and wear of the 
journal, since it is essential for eomparative purposes that tlie 
surfaces .should be in tlie same eonilition for botk saiiijiles eonijiured 
-—a requisite wliieb, above all others, led to the develojiment of this 
metbod of testing.* .\gaiii, the actual temperature of the oil at Ihe 
test surfaces is shown more iie,arly iiy the tbcrmonicter if but little 
ileating ^by friction lie permit(,eiL The order of ‘body’ values, as 
determined by this iiietlnsi, lias been found not to vary wbli the 
speed or tlie pressure within a considerable Jji-ngc. A speej of ,^0 
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U) 100 w volutions (3 U> (i feel) ])(!f iniiinlc, witli siifik-ieiit j^irossiirc 
to niiiku. tho cocHiciont of friAioii only iis ^rent as O-Ol to (f'O'.i, have 
been fimnddnost sutisfactory ; the )ir(«sures heiiio from'500 to 5000 
Ihs. per H(j'iai'e inch, aoeorihiif' to the charaeU-r of the oils. 

Ill tho tests made with tliis iiiaehinc nndi'r eonditions of ‘perfect’ 
liihrici.lioii it was foinid that the snrfaees were so [H'l feetly separated 
by the oil-lilm thattlie eoeltieients of friclioii were extremely small, 
the niiniiiniiii eoellideiit for all oils lieiiij' foiincl to he, apjiro.viiuately, 
O'OOOd. The results obtained by dillereiit experimentens agreed 
remarhalily well, and were f»und to approximately verify Iteynolds’ 
deduction from lleauehainp Tower’s e.\|)eriuicnks, that the friction 
under eonditions of perfect hdudoation is projxirtiunal to the viscosity 
of the oil and varies, ajiproxiinately, as the sipiare root of the speed. 

Thu ‘ body ’ or oiliness te.sts iniulo with this machine are the most 
useful from a practical ]«dntof view, and tlicysupjiorl the eslaldished 
fact that the mineral oils as a class have imieh less body than tho 
animat and vegetable oils of similar or nearly the saint' viscosity. 
When, however, the dilVereina; in viscosity was great, as for instance 
between mineral cylinder oil and laixl oil, tho mineral oil was found 
to |)ossoss the greater bisly. As showing t.he relation between viscosity 
and ‘body,’ it is interearting to note that four cylinder oils wei'e 
found to jiossess body in the same onler as vi.sco.sity, iSamples of 
castor, lard, olive and s[«‘rm oils also rangi'd themselves liy the 
body test in the same order a.s that of their vtscosities. 

Thf Lah.mi'iirr Oil-hatlmg^Marltiitr, This machine, shown in lig. 
.SI), consists of a short length of shaft running in a ringdubricated 
hearing, and carrying a heavy Hy-wheel at eiudi end. The shaft is 
provided with a pin-coupling, so that the motive power (eitlier 
electrical, meehaniwd, or hand) can he iniconpled at any moment 
while running, 'rhe apjKiratus is supplied in four types, ym. — (a) 
electrically driven ; (A) mechanic4illy driven ; (c) for hand power ; and 
(d) for laboratory purjHxses. 'The hast is provided with lly-wheels tor 
dilleront bearing jircssiires, and an exact arraggenieiit for measuring 
speed. , 

The method of testing is as follows :— • 

Tho hearing is supplied with tho oil to bo tested, the motor i.s 
•started, and the tly-wheel sliaft is nil. at full speed for a certain time. 
The motor is then uuoou])lcd, and thoMino n ited wliieli the apparatus 
takes in coming to rest. 

Tills inaohinc JRiefly moiisnrcs effects due yo visewity, and it is 
only during tlie last few revolutions, wlien thp speed is very low, that 
effects due to ‘oiliness’ will show themselves. 

Disc and Collar Machines- of, for Oil Trdinij _Thp 

wedging action of tlie liihrieant, residliiig from the different radii of 
the surfaces of cylindric.'d joiirna's and the brasses which rest upon 
them, does not affect the lubric.alion of collar or disc-shaped surfaces 
to any very great extent. t)n this aoeomit, the loads which such flat 
bearings will carry are about oiic-eiglitli part of those which may 
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be put wp'iu journals, (lollai' ai\<l disc lubrication mainly dtijiciids for 
its ettiuiency upon tlio oilincss or gronsiness of the lubricant naod. 
Such licarinji's wo'dd, tlicrcforo, seem .o be well calculated f o give good 
results in oil-tcstiug niacliincs. Of course, they will always give com¬ 
paratively high fv ttioiial resistances, and, therefi.re, must not bo 
regarded us suitable for com[iarison with those obtained with the 
cylindrical bearings of actual working machines or inaehino tools, 
llov'cvor, iis tile conditions which obtain in lid)ricatud bearings become 
Ix'tter undorshsid, it seems hke.ly that disc or collar machines, highly 
loaded and running at moderate speedy, will bo more and more e.'i- 
teusively used f^ir oil-tasting |)urposes. 



Flc. 89. 

Mai’Naughfti Mm-him. —This, which is one of tlic earliest 

form!? of disc oil-tcstei-s, is shown in (ig. 90. A vertical spindle A, 
driven by a pulley 1), carric* on its upper end a circular plate E. 
TIpon this plate rests a disc h', a ))rojocting stud, «, on which, when 
the disc is rotated b^ the friction between it and •the rotating plate 
below, presses against a ])in fixed on an arm attached at right angles 
to the woiglited lever (• H. (This arm is not >iliown in the figure.) 
A few drops of oil having'been placed between the plate and disc, 
and the apparatifc set in motion, the luljustable weight J is moved 
until condition of ccpiilibriiim is (jptablished. 

' Woodbury’s <HI-lp.diu(/ Machine .—This machine is an improvement 
on that of MaeNanghtl The lower disc is fi.xed to the upper end 
of a vertical shaft to which the driving pidk^' is secured. Tfio upper 
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Iic.'iriiijj; siit'faco is lU’ .‘imiiilar rin^ placeil somewliiit I'ccwitricfliy wiLli 
Uk' fliso lii'low, to sciMirc iinifonii wear. Tlio rm;.' is IkjIIow, is tliviflcd 
liy ii vi'rtioi,iJ jiiirUlioii into two |Kussiijii.'s tlirmifih svliiciimliter can 
!)(' |iiissc(l to foiilro] tile U‘ni]i(‘riitnro, anil tiie sides and top are 
snrroinidcil liy a hoo'il of hard indiarid'her [.iiudic’d witli I'idor-down. 
The In id is applied by weights placed bcnoatli the table and siting' 
from a cross bar resting: upon a vertical spindle, the thrust of whieh is 
transmitted to four |Knnls on the n|i[ier rin^ by a cross shaped lever 
and central ball-aiid soekot joint. The hearings whieh carry the 
iipjier shaft can he rotated iiislill'eront diroetions by means of pulleys, 



Flo. !>0. 


so as to reduce the frictional resistances. This arrangement allows 
the annular ring to rotate fieely through several degrees and af-tnate 
a spring dyimninmeter which shows dho frictional rosistanues, the 
eross-hoain, weights, ole., lieing free to move wdth it. The Inhricanl 
under trial is conducted, hy a sight-feed arrangemout, through Die 
conlral opening in the ujiper ring to a recess in the centre of the 
lower di.so. A eounU'r indioak's the iiumhor of revolutions niiido in 
any given time, and a thernimneter shows the rise of temperature. 

Ih’jiri’:: iim! Aii/ioH’k Trsiimi Mnrhiiu’. -This n.achino, whieh is '■ 
slmwn in fig. ill, re.senililes Woofjlmry's in.acldnc in some resjiects. 
Tlie load, wliicli is applinl hy a lever and weight, forces tliree inclined 
liroiize liloeks, eacli liaving a surface of 10 square cnntiuietres, into 
contact Wvitli a rotating di.se below, Tlio turning moment i.s measured 
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by niCAns of A pouduluiu, nctiiutod In'a stool bant ooiiiioot^d to llic 
diso carry inj' tho friction l)locks S S 3. 'An aiiloinatio record is driiwn 
upon a slio*'t)of jiapor stretoliod upon a small trolly sot ii)_motion by 
a ]H'ndulnm, Ibo , oncil bointr fixed to a travclliii''' arm. 

Tower’s Disc avd Vnllar (Jit-lesthnj MaiViincs. — licsidoK tbi' 
inachiiio for moasi.rinfr tlic friction of jonrnals, two otlior machinos 
wore dosiyned iind cxpoiimontod wilb ly licanebamp Tower. (Inn 
was for inoasurinf; diso- and tin- other oollar friotion. 



d'ho, 91. 


Tlio apparatus used for inoasui’iiig tlio friction'-.tf Inbrioatod discs 
is shown in figs. Dd aiiA 110 (p. 421). Tho vcrtic.al shaft carrying tho 
footstep gears into a tforizontal shaft, tho driving indley on which 
can be eliangod to give tli* roipdrcd s])eeds. A hard sled centre, 
secured to the liotbim of tlie bearing li, rests upon a jilimger fitting 
tlie cylinder 1’, whilst the vurticid dfjving shaft is filled at its upper 
end with a piston T of tho same diameter as that of Ihi' cylinder 1’. 
Hy varying the pressure hf tho oil, which issnppiieil liya hand-piim[) 
witli air vessel, the pressure upon the ram can he varied .-iV as to 
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f^ivi: iiiiy^'liisired luid iipfm the contact surfaces. Two radial, grooves 
in tlic hearing, shown on a* larger .scale in fig. 110, pass from the 
ci'iitro <if IJie liearing face to within a short dtstance of, its circum¬ 
ference, and the motion causes the lubricant to flow out at its 



periphery into the iuinular sjmee surrounding 1!, from which it 
p,'i,sses t.hrough the siK)ut, dmijs into the pipe, and .again enters the 
hearing. ;\ pulley L, actuating a spring, shows the frictional 
resistance of the surfaces. 



Kio. 9.1. ' 


Tlic machine shown in fig. 93 was designed to measure the friction 
of a collar. The weight was applied hy a delicately adjusted spring 
.S, one end of which abutted against the froiit disc D, whilst (he other 
end pFcssetl against a nut N on a central bolt li eonnected with the 
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disc C. two discs rutatiiig togctlier,, and pn «iiig on tnc stool 
'ring II, tended l)y friction to carry it >vith tlioin, but wore prevented 
from doing sai ]>y a liorizontal lever at: edicd to ll'c ring, **• ’ friction 
between the ring and discs being nieasurod l>y .a springdiidanco 
attaclicd to the cud I the lever. Tba nii;tli<sls of l ibi'ication used, 
and the conditions under which 
the csporiinonts with this machine 
were made, were not such as met 
with general approval, it being 
considered that thf inforumtion 
gained liy ils use was not so 
cotiiplete as the nuiL'iiine was 
calculated to furnish. 

Blah'ti Oil-lcstinij ^fwhini >?— 

Tills ajiparatus consists of a 
vortical sliaft driven liy siiitidile 
mechanism, having a conitad or 
hemispherical caip on its iiiijxT 
end. Into this cup is accunitely 
fitted a conical or hemispherical 
plug which will easily revolve in 
the cup, carrying a vertical spindle 
or shaft to whicli are fitUsl one 
or more horizontal arms tn which 
vanes are attached. Pressure can 
be a]>plied to the plug hy means 
of a weighted lever. Sejiar.itc 
counters give the nninlKir of 
revolutions of tlie cu]) and plug 
respectively. The luhricjint to 
ho tested is placed in the cup, 
and after the plug has been in¬ 
serted, the former is Ci'^iscd to 
rotate rapidly for a dofinite.icngtb 
of time. The numher ef rcvolii- 
tu'ns made by the eij|) and ping 
having bten read off and recorded, 
the former is cleaned and anothe. 
or stiindard lubricant is similarly 
tested. The lubricant \jhich best 
reduces the friction between the cup and the ping will cause the 
latter to make the smallest number of revolutions. • 

lidiki/’s Pendulum Oil-fAUmj Afaeliine. —This a])jiar,atns was 
designed for testing«sue’ii oils as arc used for watches, clocks, and 
other small machines. The small bnu* disc linked to the jiendulnm 
(fig: 94) rests upon a horizontal pjatc. When the ijcnduliim is set in 
motion, the friction of the disc slowly brings it to rest, the friction of 
’ Eag. Put. 25492 of 1902. . 
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the rubChig surfaces bem^'^stuiiatcd from the time requiml to d 
this. 

Frictiofi of Screws.—The friction of screws has' been exper 
mentally invphtigatorl by Kingsbury' under the conditions of ver 
slow motion, free lubrication, and pressures varying from 7oro t 
14,000 pounds })or K(|uaro inch of i)Caring surface. The inachin 
used wjLs specially designed for the pur))ose. Tlie tests were mad 
upon a set of s<|\{arc-tln*oadod screws and nuts of the followiiij 
dimensions:— 

OuUkIc dianicler of son w, . . . 1‘420 inch 

Inside diainetxir of nut, .... „ 

‘Mean diameU-r’of thread, . . . l'3r}2 „ 

I’itdi of Ihrcjid,. 

Depth of nut,.n O'ilective) 

'riic nuts fitted the screws very loosely, so that all friction wa; 
excluded, excejd. that on the faces of tl»e timwis directly siippoiiiiu 
the load. The screws and nuts \ut( fl(K)ded with the oil when places 
in tiie machine, which wius openited by hainl geui’ing, the screw hein^ 
<lriven at a very slow ratx' (iH»t more than one revolution in tw< 
minutes) until the jiressure was raised to the desired amount, th« 
friction being measured ]»y the swinging out (»f a pendulum whiel 
carried the nut and ^lutomatically rotioifUsl on a revolving drum 
The results obtained are set out in Tablet X(1I]‘ to taken fron 

the author’s jiapcr. ^ 

Table XCIf.—Mkan Dokffioiknts fou Heavv (^Finera’) 
Machinery Oil {Sjx gr. 0‘91*2). ’ 

(Af^tually read at 10,OW lbs. ]U‘CH.surc. per wpiarc. inch. Each figure is the 
average for eight caixD.) 

[ ScrewB j Nuti. 



G 

7 

8 

9 


MiM 

Wroufjtt 

Ciist 

C-ast 


Steel. 

Iron. 

Iron. 

Brass 

1 . M ilil s>teel, .... 

"in 

■k; 

•136 

T:je 

‘2. Wrouylil in«i .... 

•139 

•14 

■138 

’147 

:i. Cast, iron, .... 

•I2fi 

•r.it) 

•lift 

•171 

4. Ca,st Immzc, 

•124 

•itif) 

•172 

•132 

5. Mild .stool, fast- -lianlfiusl, 

•las 

■143 

•13 

•183 


Mean of all, 01420. 

liiglicsl for a single card (w-rew 5, nut 9), . . . 0*20. 

Lowest „ „ («rrew 3. lint ft),* • • • 


^ 7’riiiifi. So<\ hh'ch. Kntj.y vi4. xvii. (IfiOfi), p. 96. 
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XC’1«5.--MeaN (’oEITrflll.N'TK FOR LaRO OiL. 

(Afitiuilly road at T'.OOO llis. iuhssuiv jmt >‘<jnar«‘ inrii. Kaali ugiiro i« tlio 
avera^j* f(u- four c/irds.) • 


StTi'WK. 

j 

Nuts 



i 


s 

<1 


> .Miia 
' stwl. 

WoniKht 

Iron. 

Ciwt 

Iron. 

('list 

in.-t8.9 

- -• 

1 

— 

■ 

— 

1. 

. '■ -12 

■105 

■10 

■11 

2. Wnniglil iron,. 

. ' -Hi'. 

*1075 

■10 

■li 

fl. (^asL iron, 

‘1. < Iiron/e, 

•10 

■10 

■0!I5 

■II 

•IloO 

•io 

■11 

■iiiiin 

T). Alild steel, easi'-hardened, 

. ; -llTr) 
i 

•0975 

•lur. 

■]:i75 


Mean of all, O-Km 

Ili^dio^l for a .single eani (wivw 1, foit 9), . . . 

iiO\ve>I „ „ 3, lint 8), . . . U'Ui). 


T.vnii': XtMif.—M ean (Ioekfioiwnts for IIrav^ Macihmiry Oii, 

ANO (IkM’HITK. 

{A<‘iually riiiKl at JO,(MK) lbs. jire-Nsiire jht wjuare iindi. Kaeli figure 
H llie average for four eanls.) 


Screw K. 


NiiLs. 


• 



S 

1 !l 



Wi'oufjlit ■ 

rjiHt 

(‘nfil. 


steel. 

Imii, 1 

1 

Iron. 

llni.ss. 

1. Milif steel,. 

•Ill j 

! 

■ooTr. 1 

■0G5 

, ’O'l 

2. Wronglit iron . . . . ’ 

•089 i 

■07 1 

•075 

■ *055 

3. (fast iron, . . . . ■ 

•1075 

071 , 

•105 

•059 

1. (fast brou/e, . . . . ; 

•071 

■Olf) » 

■Oil 

•03(; 

5. Mild steel, e;i.sc-]iard(fned. 

•1275 

■0,7,7 ; 

•U7 

; 035 



i 


; 

Mean of all, 0'07. 

4 



• 

Higlie.st for a .single card (.si’rew 5 

Tlltl 0), 



0-15. 

' Lowest „ „ (serevv 5 

nut 9), 



0-03. 
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TAm.n XOii.—^EAN (JokJeicien'-s I'OR Heavy Machinery Oil. 


(Aotiially r«a<] .at. 30(K) Itw. ]>ressure per square ineli. T?fioii figure 
_i8 Uie avei-ago tm- four anls.) 


Herews 


Nuts. 



6 

7 

8 



Mim 

Wrought 

CliBt 

Cast 


Kteiil. 

Iron. 

Jnm. ! 

Brass. 

1. Milil sUioI, .... 

•117 

■]f>n 

1 

•132 1 

•127 

2. inuj,.... 

•ir> 

•IG 

•15 ! 

•117 

o. Cast iron, 

•1,7 

•157 

•14 ' 

•12 

•j. ()a>!. bronze, .... 

•127 

•13 

•13 ; 

•11 

fj. Mild .sU‘t‘1, e.i>e-bari]e»e(l, 


•1775 

■1G75 

•i;i25 


Mean of all, OMSS. 

lliglicst, for 11 .single card (sercw Ti, nut 7), . . . O'19. 

Lowest „ „ (screw 2, nut 9), . . . O'll. 


Kiiig,sl)ury concludes from his cxjicriinciits that for metallic 
screws in good couditioii, turning at extremely slow spei'ds, under 
any pressure up to M,0()0 lbs. per sipiare inch of bearing surface, 
and freely lubricated b^re application of pressure, the following 
coellicients of friction nuiy he used:— 


d’Alil.K XOI.T.--COEFFICIF,NT.S OF FllICTION. 


nuhviL-aut. 

Minimum. 

Maiximutn 

Mean. 

Lard oil,. 

•09 

■25 

■n 

Ilcuvy (niinml) machinery oil, 

Heavy macluncry oil ami gra]>liil« in 

•11. 

■19 

■143 

equal vobimea. 

■03 • 

•15 

■07 

. . _ 


King.slmry duos not consider that^thc tests prove that any one of 
tile metals used develops loss friction tlian any of the others, under 
the methods of' ucsling cmjiloyed, although such re.sults might bo 
inferred from Table .\t.Mii, for instance, in which the coellicients 
for tiie lirass nut ivc uniformly lower than for any of the oth'"'s. Nor 
does he believe that the method of testing employed is the best 
possible ; a number of east-iron nuts and screws tested by themselves, 
and a mimber of steel nuts iqid screws similarly tested, might give 
results showing le.ss variation than is evident in tlie records given 
above, iind lienee more definitely comparable with each other. 








CHAPTEll X. 

rilK JIKSIGN Alfl) LUIilUCATlON OK HBAUJ.NGS AND OTIIKK KKiOTlON 
SUKKAOES. 

Forms and Functions of Friction Smfaces.—Bi'nriufjs iu'c the 

surfiiccs (if wmt.'ict lictwceii tlic itiiiviii!' ;unl Ltic rraiiio of a 

nmchitu’, or of one inoviiifr partiiiiil anotlicr. Tlicj Ihr motions 
of lilt' pieces they carry, and llieir shapes depend on the nature of 
the nuitions retpiired, Wiien, for instance, the piece is required to 
move in a straight tine, Uie la'arin:; iiiust tie eitlier plane or eylin- 
drieal, with the unIs in the line of motion. On the other hand, 
rotating pieco.s niiist iiavc surfaces accur.itcty turned to lipurcs of 
revotntion. 

Tlic parts of inovinf; jiiecos wtije.h are in eontaet w ith the bearing's 
may tic classified a-s slides, oiidgcon-s, journals, hushes, pivots, and 
screws. We also liave to deal willi ‘tine’ eontaet surfaces wliioli, if 
llicy do not act as friiides, yet have Uanoential motion. 

Owing to the weight of the moving jiarts, or tlic stresses the 
macliine lias to transmit, tlie bearing surfaces are ])resKed togetlier 
witli eonsideralile force. ('onseipiently, not only must the moving 
parts and the frame of the machine be strong enougli to bear the 
stresses to which they in.ay bo subjected, lint the eontaet areas must 
be suilieicntly large to* [ircvcnt overheating and mid no wear. To 
secure the I'crpiired a^ea of bearing, the rnlilnng surfaces are fre¬ 
quently made very long and narrow, whilst in other instances they 
are S(p«arc, or approximately circular. 

Uaterials used for Bearings and Friction Surfaces.— linpvrlani’t! 
of using Siiitahle MaJmah .—Although it is true that, in the 
majority of instances, the .selection of a snitabl# Inbi-icant, and its 
proper method of ajfplication to the surfaces, arc of jiaramounl 
imporUmoe, it very freqftontly liapiicns that the ei^iditioris of working 
arc such unit particular attention must be paid to tlm nature of Iho 
surfaces which a|;; tt work in contact, otherwise rapid wear #ill 
take place. Such wear may result^ from the fact eitlier tliat the 
rubbing surfaces arc exjHised to the atmosphere and become dirty 
and griti.y, or that the hdaring surface is merely' a line, or that the 
' motion is too slow or too fast and the load heavy. • 
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The ])^)ssii)ilily iiiaiiitjiiuinj: a iiiJichiiu* in ‘•ood condition without 
the frc'tjiienl. rciKiwnI of ])arlJ5, d(‘]H4KlN largely upon llu- care wliieli 
has h(;t*n cxcrciMMl in desi^iinug it so as to secure the caaiditions 
under wliieh ])erfect Juhrieatioii is ohtained. When the conditiojiK 
are such tiiat porlVctt Inhrioation is iinpossiide, care nnist he tnKeii 
to make the ruhhin;; surfaea-s of jis dnrahle a material as possif)]e. 
To efieet thuse ol»jeets under the di\i‘rse eonditioiis of eseryday 
practice, a lar^e mniil»er of (h'\ices have lu-eji introduced, a few of 
the priueipa) of whicli we pnrj)ose descrilun,i;. 

Uefore the intr<;{luetion of mineral oils for luhriealin^' purposes, 
the necessity of»payini^ eonsUenihle attention to tlu' nature of the 
contact surfaces was not s«) LTuat as now, for,'as*hoth animal and 
vi^j^etahle luln'icants remain fairly viscous wlien heated, and possi'ss 
the projierty of oilmes?. or^^reasiness very markedly, metallic surfaces, 
separated hy fatty oils, unless snlijected to excessive loads, si'khaii 
injure eaeh other s<-riously. tin the other luuid, since ihi- mlrodix’- 
tion of the less ‘{nly ’ ininc'ral oils, it has heen iound more and moic 
necessary to use the so-culleil ‘antifnelioii metaK ' as ia'amie siii faces. 
Indeed, a study of the elleets pnKlueed by vnrym;;' the natiire of the 
metallic or other surfa<*es in contact has, of late years, hetai lotci'd 
upon the engineer ]»y tlie eomliticais of nmiiin;:: and tlu' nature of 
the luhricanls available, with th(‘ result that ^Tcater attention is 
now paid to this point in machine design. Of course, tlie advaiil.;,^('s 
_i;ained by makiiii^ the bearin^^ surfaces of dill'ereiit materials were 
ri'co^ui/ed at a very early dale : but lirasses and broii/es of various 
kinds, working against i)#i <»r slcef, pniveil (piite snillcient, as a rule, 
to previ'iit sei/.m^^ and heating:. 

As, when two clean surfaces work ai;'ainst each other, the soTcr of 
the tw'o (providing tlicy <lo not seize) wears much more rapidly than 
the harder one, il is well to make that surface whicli is most easily 
anil cheaply rejilaced of the softest material, 'the nibbing surfaci's 
of a bearing are, on this account, removable pieces (stcjis or bushes), 
whicli an' easily replaced by new ones. 

Indeed it is not im much to say that the* introduction of mineral 
oils, and the leeognitiun of tlu* true part jdayed by visciisity in lubri¬ 
cation, liave lu'cessitaled great alterations in the prineifiles of design 
so far as tiie contact surfaces of machines are eoncerned ; foepninoral 
oils, although stable even when headed, and giving excellent results 
on properly designed bearings, are. generally delieii'iit in the power 
of luainlaining lii\>ricatiiig liims between hearing surfaces wIk'd tlio 
speeds are low, or when the faces are prcssvd togetlier by heavy 
loads. 

In many instanct's, the conditions of ..work are .such tl.. I etllcieut 
lulirieatiun is impossible. For instance, parts of sewing maehinos 
and of watch and clock meclianism, knitting luuchines, and mMiy 
other contrivances, such as maeiiine gun meclianism, have to du[jen(l 
vi'i-y largi'Iy for their duruhihty upm the hardness of th ' bearing 
siirhvcs and tlicir suitability for working in contact with each other. 
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Many ruhhinj' siirfat'es 'ipon wliicli the load is sniyU are nt’Vt'i’ really 
lubrieaUV., lor ovoii the conUimirathni 'dim is n yied ort‘. 1n such 
iustauces, it ’s absolutely necessary that tlic materials used should 
ho excecdiuj;Iy Ic rd and such as wul not adhere hre ^ together, 
even wIhui the siuiaces are ehen.ioally clean. » 

it is U(t\v beoou mg more clearly recognized tljat solids ])osseKS 
])ro])erti(’s wfucli have been geuendly rcganled as peculiar to li(|uids. 
Thus lead, when ipiite clean, is sticky, two pit'ces welding together 
upon being brought into contact. Ihit imt (»tdy do some solids easily 
wold together in tle‘ cold, they even ditluse into each other. 

Jt will be seen from this liou im[toflant it is to jjfiy the most 
[)artieular alLentiijn U> the physical properties (»f the metals tised for 
l)euring surface:.. 

IlariliiPsx au<i ilx Ihirrmimiluni. — .VlUnmgh we speak nf bodies as 
iteing hard and soft, these an* scarcely sciontdic terms, for tiie hard 
ness of ditl’ercnt suhsbinees measured in dill'erent ways is hy no 
means always the same. Kor our ])urpose, hardness may be defined 
as the resistance otl’ered to permanent ]»Iaslio deformation. \Vc 
must clearly disi jnguisb between mere slviu liardness and tin- hardness 
of the muss of llie metal, for <‘xjM)sure to air, etc., or mechanical and 
chemical treatment, will often harden the surfaces of evtm soft bodies 
considi'raliJy. 

A seri('s of experiments by Ilottone, who measureii the loail nuces- 
sary to produce a cut of definite depth, show great diticrenees in the 
hiirdm>s of difl’crent metals. In his scale of liardness the iltamond 
is baken at Ills dcl-ermifiations of the relative hardness of 

twenty metals are as follow :— 


Tai 


1,K .XGll.— RrLATIVK iUnUNKSS ok M1£TA!.S. 


AJaiigaiiu^c, 

1 ir.(! 

(Jold, . 

070 

('ohalt, 

USD 

Alnnimiiiin, 

821 

Nickel, . 

1110 

Oadnuimi, . 

700 

li’iJii, 


MagJicsiuin, 

726 

Gojtper, 

i;«io 

'Fill, , 

(i:.l 

Dallailiiun, 

1200 

Ijcad, , 

070 

riaiiiruni, 

1107 

Thallium, . 

nor. 

Zinc, " . 

1077 

Oah-ium, 

4on 

Sd\er, 

OflO 

Sixlmm, 

4IX) 

iridinui, . 

084 

l^Jt!lssium, . 

2:)() 


T'nwin has devisedta metliod of measuring hfrdness by using a 
Straight knife edg<' as the indenting tool. Several series of observa¬ 
tions Oi .'lO indentations p^'Hbiced in ;j-inch l)ar» of dillerent metals 
with various loads wore made, and for each moltd a constant was 
deduced whicli 18*^1 measure of its liardness. It was found that the 
equation (1/==;)'- may be taken the relation between the load 
and ind ntation, G being a co’istant giving the relative liardness of 
the metal tested, i the deptli of the iiidcnt-ation in indies, and^p the 





376 


LUHKICATION AND LUBRICANTS. 


jirussiiru in tuii.s lior iiiuli width of knife edf;e in contact ^witli tlic 
iifir. ’ \ • ' • 

fsing this hirmuln, Ihiwin obtained llio following., minitiers ox- 
jiressiug th<! relative hardness of certain metals and alloys :— 


tUst ^teel, normal, . 
Ilra.^> No. 2, 
llra.'j.sNo. 1, 

^Idd steel, 

(,'o[i]ier, iniamiealed,. 
Aliimiiiiiim alloy, wist, 
Oolijjer, annealed, 
Aliiinininm, sumrled, 
Zinc, (siBt, 

Lead, cast. 


.AMD 

2](!'0 

221-0 

]4:j-5 

JOO-2 

l(l3-f> 

02-0 

41-8 

40-8 

4-2 


The relati ve H<‘ale.s of Inardness obtained by Imth the serateh method 
and the indentation incthoil are sjtid to be jmu-tieally the same, lint 
the scale obtained with the indenUition method is a more ojien scale 
than with the scratch methiKl, which remains to he described. 

Cmvin’s method is not suiUble for tery hard or brittle bodies, or 
fur deti-rminiiig surface haixlnes.s. The latter may be best ascertained 
by the use of Turner's selemmeter (hardness measui'er), a niodilied foi-iii 
of which, dcscribetl by Blount and Blo.\am,i is shown in fig. Of). 



A steelyard beam A .swings on a' jiivot in a hni'izontal piano and 
oscillates on knife edges in a vcilieal jilanc. At tlic end remote from 
the knife edge is S .style 1!, shod with a diamond point. To prevent 
tlic stylo .front ebaitering it's placed at an angle with the piano of the 
beam. A scale jiai. (1 slides along the bpam, which is gra>t ;f.„f'd, and 
by its means a load varydiig from 1 to 100 grammes can bo placed 
upon the diamond jioint. The piece to he tc.stcd'is prepared with a 
polislied surface free from scratches, and is clamped on the rising 
table 1). The diamond point is loaded with a known pres'-urc and 
■ Engineering Chemisirg, vol. i. pii. 28-31. 
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(irawn across the polishi'd clean surface.^ By ineai/l of tlio s(j-ew I*', the 
tabic is moved bodily a .short disHinoc — e.ij. iiifh — and another trial 
made Kitl^ti,dift'erent haul, 'file lo.a(’ which just siihices to abrade the 
spreimon is a ineasni'e of its surface hardneas. The instruiueiit is 
preferably used in conjunction with a low-powlT inici'o.scope (I inch 
objective) to view the scratches and decide whicli corresponds with 
the abradin'; load. The follow'iu,a' Dihle (Turner) shows the liardueSiS 
of various iiiaterials, the iminhoi's heiUK the load in oraimiies rcpiired 
to just scratch the sjiecinien when tested by the scloroiiieter : 

Steatite.. . . 1 

bead, eonuiw'rcial, . . * . . .* 1 

Tin,. *. 

Znic, annealed,.(i 

Oo]i]ier.K 

Softest iron,.IT) 

Mild steel,.21 

'I’yre !,teel,.20 2 1 

Hard cast iron,.2(i 

ilanlest chilled iron,.72 

7/rtnf ,S7.c/. In the ease of hue coiitaet, siieli as (h'i-uis in the 
various forms of trip ;;ear for (lorliss engine valve.s, the best, results 
are obtained witli tempered steel faces, screwed, or otlienvi.se ,secured, 
to softer inelal siippurbs. .Siieh faces last well if rea.soiiable rare ho 
taheii to lo'C]) them free from grit, and Di luhricate Iheiii ellieioiitly 
with a fairly viscous oil. 

Hard steel surfaces haviug considerable ramtaet areas, and carrying 
heavy loads, are, .as a rule, made to work against softer materials. 
d\'he 1 two such hanl surfaces have Di work against each ol.her, 
they must he very ace.uratcly fitted, and such provision made in the 
design as will admit of an eijual distrihutioii of Hie load, eieii if the 
parts should not run quite accurately together. 

bow carbon steel, if used for .shafting, cranks, journals, and tlie like, 
is very apt to give trouble, the nicDil being too soft to make good 
bearings, tin this aci^unt, engine makers now order steel eontaiiiing 
as much as 0'4 jicr cent; of carhon. With such malcrial, every care 
must 1)0 taken Di ensure thoroiigli annealing at the proper tem¬ 
perature, otherwisb large ni.a.s.ses will prove dillieult to work and he 
liable to fracture. , 

Soft .steel is also very liable, when running on hard bronze Iiearings, 
espeoially if tlie lubrication liceomes defective, to^.dze locally and pick 
up particles of ciqi^ier, which beeonie alloyed with the iron, and 
ineroi' e at every i-evohition by attraothig fresh partieles, like a rolling 
snowliA'.V’until at length Rerioiis heating and (lainage are the result. 

When it is .uecosi-iry to make the surfaces as hard as eiu> he 
obtained by the use of veiy high carbon tein])ered steel, the speed 
of rubbing is generally low. Thefe is eousequently a very small 
liberation of heat. • • 

Case-hardened Iron and Steel .—Hard steel is too brittle 1 tr pins, 
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links, JLIK^ ior sunli ^irfcs ;us tlu' a.vlc's, ciqis, jlihI coih's of fyclos. TIk'so 
ai'o, lliiT('r<jri', mad'of iiasc-fiavdoiKil iron or mild stcol, i.i>. iron or 
sk'i'l of which the surface only lias liccn liairlencd, Icavii^i; flic core 
Kofl. ’['Ills is cllcctcd hy licalinj; the articles to a suitable tompera- 
tiu'c (aboiil 100(1“ (I) in a closed box filled wild finely powalercd 
(iarbonai'ciiiis material sncli as charred leather, horn euttuiKS, etc,, 
for a lenuth of time dc|H'ndnip: npon the de|itli to whicli the carbon 
is rei|uired to [ii'iietrate. ,\ftcr cooliii};, the articles arc reheated to 
about SOO” ('. and hardened by ijiienchinj; in water. Casudiardeniiif^, 
iiiiii'ss cari'fiilly earned out, is apt to cause craclis and also to distort 
the mass of mep 1. \\’rono|p iron and mild steel journals of larpm 
diameter aic, conseipiently, seldom ease-harduned, « 

W henever very hard surfaces are made use of for bearines, it is 
necessary to accnratel^\ oriod the ca.se hardened surfae,(‘s to ensure 
contact over the whole area. 

(’Inflf'il (tf.sl [rmi. Kor slide-hlocks and slides, chilled east-iron 
surfaces, ^;rouiid true, are even more suitable th.in those of steel or 
ease hardened iron. Here the liarilenniu elfect. is produeeil by 
eiistiiio the lluid iron into inas.sive metal moulds or ‘chills,’ (ho sides 
of tthieli are previously coated with a clay wash to |iievent tihe 
castiii” adlierinu lo them. In this way the <’asl metal is rapidly 
cooled, the ”raphiie is preventesl from separating Iroin the iron, and 
the chilled portion of .the casting bisioines c.xtreniely hard, and, if 
broken, shows a silvery fracture. In the cooliim process, however, 
the eastino is mneh di.storted. To remedy this, the [lalteni must b(' 
made of such a shajie that^he eiHihn;; etl'ecLs shall draw the easlino 
into the reipiired foriii. To rnhiee the risk of fracture, it is eustoin- 
ary to make chilled surfaces in loose pieces, which can be bolted to 
the frame of the mai-hine or to its movin'; jmrts. 

('n.sf Iron. —I'Acellent bearing; surfiuies are made of unchilled prey 
I'ast iron. The only objection that can be nrocJ apainst this metal 
is that it IS rather brittle, especially when heated by friction. It 
not only works well in contact with steel or wronpht iron, but also 
aoainsl itself, h’.ven wdien heated it does* not seize readily, the 
surfaces prindinp to powder and ri'inaininp' free to slide over each 
other so lonp as any solid material remains. On this account it 
answers well for steam cylinders, in which the hibrieation isjipt, at 
times, to be very imperfect, boose pjeces are not reijnired, for the 
barrel and valve faces are merely macliined portion.s of the casting;. 

The suitability east iron for hearing surfaces arises, no doubt, 
in a preat measure from the presence in the* iron of particles of 
praphite, and lo its jiorous snffaee, into whichklie lubricant insinuates 
itself. Soinetiiues jKiwdered solids, suelit as pliimbapo, a'W'msed as 
liilii'ieaiils for east-iron siirfaecs, the powder bein;.^ dusted upon tlie 
c.xpo.sed portions of the riibbinp surfaces. 

In tlie majority of mstaneos, the niateritJ of wliicli ii 
liearinp is niadi' nuist not only differ hi moHing-point and l»ardnesB 
from vliiit of tlie surface against which it rubs, but it must also be 
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siiffic.ciitly stroll;; aiifl l(m;)cli to witlislaiid lioavT blows Anil 
strossiis \ itliout t'r.ictuvc, Oolipor, alllioiioli it jiossossl'S a lii;;li 
UKilloabilitv, aol'tiK'ss, iliH-tilily, toiigliiifss anil (enaoity, is not a suit¬ 
able iiu'liil of wliic'i to make bearm;;s, for it can only M.Ja ilitticaiKy 
be iiiadu In |iroiliioe siainil easline-s, anil is too toiieli ami elosc- 
p;i'uiiiuil to bu easih slm|)e(l in a latlie. ('up[ie.r is, ilierefore, alloyed 
with otiier nielais, forming In-tni/a's and lirasses of various kinds. 

The metals Generally mided arc on, lead, and zinc, Imt other 
elements, sucli as ])bos|)lmrn,-, ai'senic, antimony, Insmutli, maii,i;anese, 
and iron, may oee''r as essential or accidental constituents of the 
alloy. . ^ m 

'Pile term ‘bn«r/.e‘ should be rortricifed to a.lloys eonijiosed ehiellv 
of copper and tin. Mlnn-inetar is a bronze containing !K) parts of 
copper to 10 parts of tin. One or two per cent, of zinc, or a small 
aiiKamt of phosplioriis, is usually added to the metal before casting, 
to remove o.vide and promois* .soundness. \t hen phosphorus js used, 
the alloy is known as ‘jibospbor bronze.’ Itron/.es ns^-d for bearings 
and friction surfaces sometimes contain as niui’li as IS |o 110 jii'r cent, 
of till. 'Pile, till confers lianlness and slreneth upon tlie allov in 
jiroporlion to the amiaint present; il rednees the eoellicieiil of 
frietion and eiiaides a lu'a\ier lojui to be carried. 

I.ead bronzes are piiHliieed by tne addition of lead to eopper-tin 
alloy.s. 'Pile li-ad does not alloy with tlie copper and tm, and unless 
]iro[iei' care be takim in eastni;; il will separate out, liut liv well 
stirritm the molten metal and by jionrini; il at not too liinli a 
tuiiiperaliire, so that il will soliilify ipiiekh in the mould, the lead 
remains dilPused Llironoliont the alloy and confers upon it valiialilc 
|H'o])ui'tics. .Mllioiieli it weakens tlie bruiize, it ;;n'atly merea.ses its 
]>la,st.ieity and reduces tlie aiiioiiiit of wear. ’I'iie iiehai'iour of lead 
bronzes for bi';iriii;;s was carefully studied several years aoo by 
Uudley,' who olibiiiied the results .syiveu ui Table .Vtdil. 


'Paiii.m X( in I.—ltKi„vrn k W'k.mi ok JbioNzn Uu.miinos {Ihulleii), 
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Hfiiit l^t 




\\ I’lir 

*■ 

luppiT 

I'ni 

TAjatl. ' Ai'ni'ihc 


Slnndiinl h*ail (jihos- \ 
]>hur) bi'ouzo, . ) . 


10*H0 

lf5o . f.mt ! ... 

1 -00 

Ordiiiurv *. 

HT 

Id-.'iU 


1-ti) 

oJirun/e A, .* 

80*20 

1000 

*... • : O.s-0 

1 -12 

.■\rs^m^•VollZe 1’, 


10-1)11 

7*00 • . oso 

l-l.'i 

Arsiinit’ iu-tm/f i\ 

7!t 711 

lo-ofi 

!)-.'iU . .. . OSO 

l-pl 

Bronze ‘ K,’. 4 

77-01) 

lO-aO 

l2-.'-i0 . 

l)-!)2 

IjIOIIZI- ‘ IV • 

77*00 

H-(#) 

ifi-oo ; . ; ... 

0*8() 


^ Jour FranKliii In-if., 189;!, pp. 81 98 and Kil 172. 
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Tlic ^Killiod ol^ o.\j)t'rimci'l wjus to tiiko a ccrLiin nimilieiyif ))Car- 
iiigs iii.n.(lc of llic siiiidan] alloy, afid iui c‘i|iial iiumbci' iiiado of the 
t'.\|Jorirnoiital alloy, .aijd to ))laci' these on lo(a)iiiotive-l‘'i'der or car 
a.\lcs ill pains, a stniidard and an e.\periiiHiii(ul hearing being placed 
on opjKiSite ends of the saiiie a.\le. 'I'lic relative rates of wear tverc 
nscerlaiiied by weighing the bearings at intervals. The ‘ordinary 
bronze’ not only wore half as fast again as the standard lead bronze, 
blit a iiiiieh larger percentage of the be.iriiigs made of it heated. 
Arsenic gave the .same results as phosphorus. Those elenieiils merely 
promote sound eastings; they were found to have no uiarked intiueneo 
upon the rate oh wear. Ineri^ising the pereentaae ef load still further 
reduced the rate of wear, as shown by the allSys ‘K’ and ‘B.’ 
Bronze ‘11’ had a tensile strength of 10'6 tons jier square inch, 
with 11 per cent, elongatii.ii, whdst the standard lead (jihosphor) 
bronze had a tensile strength of 13 ton.s, with C per cent, elongation. 
Itiidley concluded from his experiments that “the alloy which can 
endure the greatest amount of distortion withcait rujitiire will give the 
best resulls in wear ” In other woixls, phustieify eoiiibined with the 
nece.ssary strength is the quality to lie sought after. Another desirable 
feature in a bearing metal is a finely granular stnieliire, whieh tends 
to i-ediice tbe size of the ]Kir(.ieles wliieli are torn oil' by the frielioii. 

More recently, (dameri lias eoiitirniud and extended the work of 
Dudley, lie used a specially designed frh'tion-testiiig inachiue, with 
test-bearings, measuring .'U inclies x i ineli, whieh could be, readily 
weighed, in each e.xperinimt, the jojinial (.'i| inehes in diameter) made 
lt)0,000 revolutions at a s^'ed of fj3.A revolutions jier minute, the same 
pressure (1000 lbs, persijiiarc inch), oil, and method of lulirication he- 
ing used throughout. It was found that the rate of wear diminished, 
though the frietioil and temperature increased, as the percentage of 
tin ill the bronze was decreased and the pereentage of lead increased 
(see Table XCIV.). 


Taulk XGIV.— Belative h’lticno;. and Wear or Lead Bronze 
Bearings (Vlavur). • 




Till. 

' l-eati. 

Frii'tiun. 

]ha. 

Tempcrtttnnj 
iilHivexoDni ' F. 

v/rar 
ill (iriiiH. 

• 

1 

8.'')-7fi 

14'1)0 

... 

13 

m 

•2800 

2 

yo'(i7 

<.m 


13 

r>i 

•17l!8 

3 

imii 

4 “,') 


l(i 

. .'■.2 

• 0771 ; 

4 


4'(ig 

4-gZ 

11 


•0542 

f) 

srel ■> 

ffii 

1(H!I 

18.', 


aoS8() 

(i 

81'-J7 

n-17 

1 I’ll 

18.I* 

58 

^0327 

7* 

7.7 '! 

fi? 

an? 

18l 


■0277 , 

8 

(i8-71 

IfH 

2fi-fi7 

18 

1)8 

•0204 ' 

i) 

l>4'34 

4'70 

3] -22 • 

18 

« 

fJ-4 

■0130 . 

* 


> Jour. Franklin Inst,, 1903, ii|i, 49-77. 
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In orijcr to prevent segrofiarjon of in the injuld when casting 
the alloys containing more than *11) per cent, of* lead, it was found 
nceesaary I’.eep the tin below (! or 61 oer cent.; and, oven then, sonic 
segregation took p.' tec unless great care was taken to poui the metal 
at the proper temperature. Tlic addition of'^ to 1 per cent, of 
nickel. However, was found to cause more najiid soliditieation of the 
alloy, and enahled good castings to be more easily obtained. 

According to recent infonnatiou kindly sn])jilied by Dudley, tbo 
alloy known as M'.x. li metal,' which contains 15 ])cr cent, of h'ad, 
is still used on tin I’cnusylv.ania ihiiiway, and ha.s proved to bo a 
very satisfactory bc^rirg metid. It wjihstands harumering lu'arly 
.as well as the stflndard ‘ S ’ bearing iiietal of tlie I’hosphor I'ronzo 
Co. 'rill* ])lastic bronze of the Ajax Metal Company, containing 
much more lead, is largely ns«l in the dniled .States, and has been 
found to give excellent results for locomotive driving-box shells, 
where it is well snjiported, and also for oitlinary car bearings. It 
has, however, been I'onnil that the joiinials wear a little faster the 
higlier the percentage of lead in the bearing motid. 

Manganese bronzes, l»th with and witliout zinc, are made by 
introducing a pixiportion of ferromanganese into bronze or brass. A 
variety free from zinc, which has great strength and toughness, has 
been used for very large bearings. Great .strength and toughness has 
akso been secured by luldiiig alnniininm in small proportion. 

Bronzes of various <|n.alitie.s are very extensively used for bearings, 
working both with and without ^ubricantn. In many oases, such as 
where the alloy works against the Ixiarings of castriron rolls, the 
heat resulting from exce.ssivc friction is prevented from raising the 
teinpt'r,attire unduly by a stream of water. Bronzes are also used 
for bearing surfaces working against steel and iron, when the load is 
not excessive and fluid lubricants arc used, also for steam engine 
slide-valvt's working against cast-iron surfaces, especially when the 
load resulting from the .steam pircssure is great. Bronze and cast-iron 
surfaces are very h.ard and unyielding, and, unless the surfaces are 
very true and run accurately ujKin each other, they are apt to bind 
heavily in places and-cause overheatmg, more especially if uoii-oily 
or non-greasy bdiricants .arc used. 

Whin zinc Ls substituted for tin, the alloy is a br.asa. For hearing 
surfaces lirass is by no moani* so good as bronze. Nevertheless, os 
zinc is much cheaper than tin, and hr,asses are loss expensive than 
hniiizcs, they are much used in (mes where, owinp; to the load being 
light, strength and ‘ductility .are of secondary iinportanoo. Zinc 
must.eopt be added to" bronzes containing Icful^as it increases tbo 
friction'and also tlic rate of wear of the bearing. 

In Table XUV.^he percentage composition is given of a number of 
bronzes used for bearings, , 

The strength and cfbeicney of a bearing depends iipion tlie 
structure of tbo metaf it iS made of quite a.s much as, if not 
more than, upon its chemical composition, and a good stsueture 
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911 

SO 

... 

... 


SlRle-v.ilvi-h, .MMllimd J>y, 

French Hailivixus. 


III b 

4 


JllHXlt 0 0.'{ 


I'Hfd f(ir ivtuiirticiilinj' jiarts. 

St (1 

14 0 


2 0 


('iinr)>y 

.Iniirn.il hcainiKH. 

82 U 

ICO 


20 


bciicbiir. 

bcamigs. Niijtlicni lly., 

82 ll 

l8-o 

... 



bctlebur autl 
Tliui'htoii 

N'alvf 10(1 lieariitf'H, (»iJca!i.s Hy., 

JUllndi KaUu'ctiis. 

S2 0 

150 

1 

0 


Ch.-irity 

nearm),' iiu'Uil, . . . 

Mifu'eUaiieuuti. 

89(1 

9 0 

... 

2*0 


Tlinrston, 

Aja\ jilastic bronzt*, 

(14 •» 

5 II 

.Tin ... 

Nickel. 1-0 

Ciaiiier. 

Aja\ liroiizc, .... 

SI 2 

iro 

7 3 

... 

I’hosiihiinis or 

lu-M’iiic, n-.->7 

Dndlci. 

Ciiiiielia niftal, . 

70 2 

43 

14 s 

10*2 

Iron, 0 C 


<’ai'li4)u broiiA', 

7f»f. 

9 7 

14 C 

... 

CarlM»n, 
lH)88ililc trace 

’• 

Coiiiiah hroii/c, . 

77 S 

9 6 

t:-4 

... 



DuiiiJiHCiis bronze, 

7«4 

1(1-6 

12 f. 


... 


ix-lta mi-Uil, 

a>.4 

2*4 

61 


iron,0 1 

,, 

(Jrniify bronze, . 

7& s 

9*2 

l-iil 

... 


,, 

NiLi'riit^^toi) liroiizo, 

65-7 

1-0 


42-7 

Iron,0 7 


Lafoiitl'.s alloy, for iieavilj 
loivtU'il bcarln«B, 

.83-11 

16-0 


3 0 

% 

I’lntTpy 

MaityatU'SK broiizi.', 

9i)-5 

9-6 



MangancBc, nil 

Dudley. 

Miosjilior [ii'onzc,. 

7»-2 

10-2 

0 6 


I’biisphuriis, 

0*94 

’■ 

Tobin bronze. 

69*(l 

2*2 

0-3 

38-4 

Iroii^O’l 

* 


is (lopciuk'nl uixm onrornl fimndry pnujtico. Job,’ wlio has paid 
a {fveid, deal of att^'itioii to the caiisi's of hot lieariiigs in railway 
work, found that the main causes which led to lieating were: (1) 
Segregation ol the niehds confjxising the alloy*; (2) coarse crysl^allino 
striietiiro ; and (3) (floss or oxides and ga» cavities in theTTOtal. 

Segregation was found to bo duo in many (aiscs te an attoinjit 
alloy the inetiils in improper jiroiiortioiiK, notably to tho use of e.xe03s 
of h’ad with ordinary foundry practice, resulting in liquation of part 
of the lead and often, abso, the separation Of part of tho crUiper as 
• * i/e«r. Franklin Inift.t cxlix. (1900), pp.439-460. 
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‘ copper,S[)ols.’ I’cmriug Uio loclal ton i;-i])iclly, at too hiffli ii teiiipera- 
ture, is a ^ ery frccpiont cause of s^grOfTatioii aiifi cOarsc crysiallination, 
siiKic the tlioii roiiiaiuK molten U > long in the mould, giving time 
for .alloys of rlilloreat eoniiM)sil,ion to crystallize out sejumitely, tending 
In produce surface! of umapi.al hardneas iiud ’heal-capacity, which 
loenlizos friction aitl ultimately re-sultsin CJcossivo heating. A line- 
griiincdand practically uniform structure may he ohtained, even with 
a mixture of metids which do not truly alloy, hy comparatiively slow 
pouring, so that, the metal solidities as soon as po.s.sible after it has 
entered the mould, hut not pouring too slowly, as this leads to the 
foriiiation of ‘sholj in the hearing, ^■hroiigh the rfreezing of the 
metal before it tlas floweil eomplet.ely into tlii' mould. The proper 
rate of pouring must he iletennined by experiment. 

The coarse erystalline structure often seen in defective hearings was, 
in some cases, found to he due to the com[iosition of the ,alloy, 
antimony especially tending to produce it. In nianycase.s, itresidteil 
from rapidly pouring the metal at too high a teiiijierature, and often 
it was traced to an excess of phosjihoriis, silicon, or other deoxidising 
agent. A coarse structure is detrimental in two w.ays. It. t,ends to 
localize friction, and secondly, by decreasing the ductility and 
len.sile strength of the metal, it caicscs an excessive rate of wisir, for 
it has hei'ii proven hy differenl exjx'riineiitoi’s that, with a. given 
tensile strength, rapidity of wear increases with brittleness. 

Another very common defect in the hearings was the [iresenee of 
dross or oxidized metal, and of large amounts of oecliideil gas. The 
former, by abrading llie journal, causes increased friction and heating ; 
the hitter, by reducing the area of the hearing surface, increases the 
pressure and llie wear and tear. 1 trass causes tlic metal, unless 
raised Loo highly in Leinpprature, to pour sluggislily in casting, and 
it also jirci'cnts clean and .sharp eastings from heing ohtained. Tliis 
sluggisliness e:in lie entirely cured hy the chemical action of any good 
deoxidizing materi.al. Thns, a small amount of jihosphorus (prefer- 
ably lidded as phosphor-eopiier) causes a marhed increase of fluidity, 
,aud imparts to the ineffil a much denser mieroscojiicai structure, as 
well as greater strengtii mid ductility. Phosphor bronze is noted for 
its fluidity, elosonoss of structure, strength and wearing (pialities, pro¬ 
vided i, does not contain excess of phosphorus. Kxcoss le.ads to the 
formation of a notwurk of erystalline metallic sidts, whieli increases 
witli repeated remelting, until Anally the metal is more defeetivn 
tliaii if no douxidatioii has heoii attempted. Ix^-ess of silicon leads 
to similar results. ’ 

H'lip lU'tioii of zinc hi iirodueing so’iiiid eastings has long hocii 
known, lint, as Dudley ])oi!iteil out in 1803, the amount of zinc added 
.should not he m ire tluiii 1 or 2 per cent. Any excess left in Alie 
alloy tends to cause weakness, and tji decrease lioth tensile strength 
a.id ductility. In large railway foundries, ‘yellow hra-ss’ is a|il to 
accumulate in the scrap Reap, and if iiiiich of siioli metal he added to 
the [lot a considerable projiortioii of zinc may he introduced into the 
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niixturo,^ii)id ooiu^)iiriitively wear result. Sucli yellow metal 

slioukl he ke])t sepalatc, and only aided in just sufficient aniouiit to 
each ]Kil to introduce the rc(|uiKitc pro|)ortiou of nine.. .Zinc alone 
doe.s not, however, efl'eet coin|)leU' deo.vidatioii, and .loh considei’s it 
desiralile to adil also a very little silicon (in the form of .silicon copper) 
afti'r addiiio tlie spelter or yellow inclai. In this way a very oloso- 
f'niined and diielile metal is obtained at a moderate co.st. 3’he amount 
of silieon needs to he vi'ry carefully regulated, in order to avoid the 
partial crystallization caused by c.'cccss. 

Very earefiilty conducted experiments m.adc by placing hearings of 
jiractically the i^'me composition, but differing wddely both in tensile 
strength and ductility, upon’opjiositc ends of tiic A.ame axles, have 
invariably shown that increase of strength and ductility result in 
increased life of the bearings, conllnniug the observations of ].)udlcy. 
An instance is given in which eight hearing brasse.s, each com])OBed 
of copper-tin-lead mixtures, were placed under tenders of fast 
passciigci' locomotives, one hearing of each set being jilaced upon one 
end of each axle, All the hearings were practically of the same 
cheiiiical composition, but one sot liad a tensile strength of about 
llh.hOO Ihs, ])er sipiarc inch, with an elongation of about (1 per cent., 
whilst t.hc other set had a tensile strength of about 21,000 Ihs,, with 
an elongation of about 13 j)er cent., the diftcrence Ueing due to the 
fact that in the one ease Uic metal was porous, whilst in the other it was 
thoroughly deoxidized, close-grained, .and homogeneous. The defective 
set of bnussuB wore Sf) per emit, more r<a 2 )idly than the others. 

In the foregoing remarks'; bronzes and bras.ses have been considered 
iis friction surfaces, but it is now freijneiitly the practice to coat the 
surfaces of hearings with white, so-called, ‘antifriction alloys,’ •"hioh 
form the friction surface. The bronze or brass i)art of the bearing 
then becomes merely a snpjwrt for the white-metal, and its composi¬ 
tion has no influence upon the friction. .Such hearing hr,asses can 
frequently be made from scrap metal, a suitable composition being:— 


Cojqior,.• . . 84 

Tin.10 

Lead,.. 2 

Zinc,.4 


, JTO 

but the exact comiissition is of secondary imporbance, so long as the 
i'e(]uisito strength is obtained. ' 

White Melalf. —v^uti-frictidn, or white metSds, are white allt'ys of 
tin, antimony, lead, eojqier, zinc, etc. It*is seldom that TBlfre than 
three of these metals are used in any one mixture. "V^Lite metals, some'; 
times Known as white brasses, ju-e noxv largely used, owing to the 
comparative ease with which they can be scraped down to form smootii 
and polislied .surfaces, and tho sjitisfactory w’ay in which by their use 
the friction is kept low under eonditious which do not admit of perfect 
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lubricntiiiii This is [liirtlj' (nvin*' t) t.icir jte'-c iiiihirc, wliich 
enables these alloys under ])nssure to inoiild tbeinselves tu the I'onn of 
the jdunwl .aul thus, by iiicrcasiii}' to the iiiaxin.iim tbo 'ei ol' tbc 
siirracos in eonlact, ro (listribiitc tlie loud more eiijiully over the bour- 
iiig. Such bearing -urfacos are also more ocotiomieul tiiiiii tliose 
maile of bronze, for tlie metal removed by wear oaii be replaced at 
very sniull cost, and witlioiit destroying tbe bronze, brass, or<!ast iron 
step of which it forms tbe nibbing surface. 

The use of wliite-metal also, in many cases, enables mineral lubri¬ 
cants delieient in oilmess to be used in place of tlie more costly I’ucd 
oils. Tbe minci'al oi' of IVehelbronn, f r instance, was found very 
satisfactory when u.sed in connection with white-metal on the Unstern 
I’adway of I'rance,' where it wans tried for bigh-spcnl railway vehich's. 
Not only was a great peeimiary saving effected by using this oil as a 
lubricant in conjunction with white-nictal, but tbc number of lieated 
a.vles was reduced in the proportion of about 7 to 1. At a, later 
jieriod- if was foimd by the .smne railway eotupaiiy that svith a 
certain typo of bo.ves tiiose provided witli wdiitc-metal bearings 
bcc .11110 healed thirty-seven times less freipiently than tbus(‘ having 
bronze bearings. Tbe decrease in tbe number of liot boxes, for tlie 
same type of boxes, resulting from tbe siilkstitntion of wbite-melal for 
bronze, varied from year to year, but the stetiisties alw.ays iiiilicated 
a decided advantage in favour of wliitc-nietid. On tbo I’aris- 
Lyons and Mediterranean Uailway, it wits found that tbe substitution 
of wbite-mctal for bronze in the ause of coal tnieks, fully loaded 
and foriniiig trains of .100 pins moving at a speed varying 
between 27 aiirl 42 kilometres jier hour, gave a diminntion of friction 
of 20 per cent. The wbite-mePd bearings became healed less 
freipiently than those of bronze, and wore less rapidly.^ 

Tbe general jiraet.iee is to east recesses in tbc snrface,s of bearings 
of tbe ordinary form, fill them with tbe white alloy, and then tool and 
Bcra]ie the surfaces so as to fit tbc sfiafts or journals they are t.o work 
upon, (ieiierally .speaking, tbc liearing block or ‘brass’ is made of a 
tough lironzi-; for marine work, however, cast iron is now largely itsed. 
Tbe white-metal i,s let inwi the .surface, in longitudinal or diagonal 
strl)is ffbieli stand a I'ttle ‘jiroiid’ of the cast iron. This gives the 
shaft a ciiaiK'O of (piickly pnsliieiiig a true sniootli-bearing surface, 
which, a.s it wears, allows tlie shan. to .slowly put a good face on the 
cast iron as well. The initial process of producing a good face slamld 
be effected under easy ci^iditions of running, so as ft avoid ovcr-heiit- 
ing. Being por(,u.s, tbe e„ast-iron surface is ca,sily eontamiiiatcd by 
small flakes of wbite-mctal, wliich, to some c.xtent, net as lubricants. 
If, from any cause, a bearing of this description sliould become over¬ 
heated and tbe wlnbj-motal melted away, then the .surfaces of the 
castriron ribs carry the load; and, if «thc bearing be kept cool by 

f Ilrvue O&n^TaU fhs Chemiw tie Fer, April 1885, jj. 215. 

’ Hull. laUrnat. Commsti. Ri/. Congress, 1896. 

^ AVme Utniralc lies Chrmim tk Fer, 1894. 



LllIilMCATION AND LUBlilCANTR. 


:58G 

dircctifig a stri’iu^i of c(il<f water upon it, tlie eiigiiio need not l)e 
st(ippe<l nntil a favonndde opportunity occurs. 

To onsuro the adliesion of tlic wliitc-inotiil to tlit; *bcarin<f, tlie 
liras.s, b'onzd or (3i;St-iron surface must first bo tlinroupdily cleaned 
and tinned. ISrass and Iwonzc be.ai'iugs can be most readily cleaned 
by dippinjf or pickling for a short Inue in nitric acid (aipia fortis), 
or in a inixtiire of this with suljduiric acid (oil of vitrol) and water, 
afterwards well swilling with water to retuovc the acid : or the 
articles may Ite scraped a.nd fded clean. (>ld be.arings which need 
reuiotalling must first bo boiled with caustic, soda solution, or (deanod 
witli pctroleihii, to rcinovf oil .and dirt. 'I’lio clean and bright 
metallic surface must tlien be lioated and well tinned with pure tin 
or vvhite-uiet;d, using zinc chloride (‘ killed spirit of salt ’) or 
sal-iunmoniac as a flnx, and wiping oil' with tow. Cast iron is he.st 
cleaned with emery cloth, after .all grease has lieen removed, and 
tinned with sal-auimoniac. W'itli a liniij) ol s,al-amniiiiii.ac and 
jdonty of tin or whitc-mebd, there is little diliicuUy m getting a 
well-tinned surfae.e on cast iron, provided it is clean ami free from 
givas('. 

As white metals lupiefy .at alnnit 440° to 480° h’., tlu'y may be 
melted in ordinary ladles and rim diroe.tly into the recesses projiared 
for them, the journal or shaft side of the mould being outlined by a 
suitable loose iron block. As some of tbose alloys do not adbcrc 
very well to tlie walls of the rcces.sc.s prepared for tbem, the support¬ 
ing edges of tlie latter^iouhl he bevelled in sucli a way that the 
soft alloy is mechanically held in jsisition. 

In melting white metals they must not be overheated, as they 
readily o.'iidize, on tlie surface, and, if bard ]>artie!es of the oxide 01 
dross tlius formed beiioine enclosed in the cast metal, the friction is 
increased and the liearing is x’cry likely to rim liot. .Some oxidatioi 
is imiu'oidable, and, therefore, care must always be taken, whci 
jiouring the metal, not to allow the dross or any other forcigi 
sill),stance to enter the mould. tVheii wh'te-metal becomes dirty oi 
pasty tlirough being kejit melted and used for some time, a sm.al 
piece of rosm or tallow stirred into it will assist the dross to rise ti 
tlio surface, when it may be skimmed oft'. 

In e.astiiig .antifriction alloys on to a bearing, the iatfer sliould bi 
heated to aliout 200° R, and the metal should bo poured at i 
tciuporature sullicicntly liigli to keeji it iliiid (say .500“ to ROO” F. 
and not higher. *' If jioured too hot, or on to too hot ,a surface, tin 
solidifioatioii of the alloy takes place slowly, and a coarac orystalliza 
tion results, which is detrimental to cool running, ^ith'er shouh 
the hearing oil to which the metal is cast be too cold. Thus Behrens 
cast the same white-metal around (1) a rcd-h'>t core, (2) a hcillox 
core cooled by running wafer, and (3) a core heated to 100° C 
(212° F.). When tested on a mandrel of jiolishcd steel revnlvhlg a 
Iii^h speed, the whirc-metal blocks cast ruuud the red-hot and ooli 
’ MeUiUograpliist, 1900, p. 4. 
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cores lieaterl much more inpidil} tl'iiii the l)li>(east round tlic 
moderately heated core. It Wii.s ohso’'ved that the siirfiiee of the 
latter lilnek aevoh'ued, as a re.sult of the fridticin, ii rolh. paUerii, 
duo to the structure of tlie metal, whieli lielpod to retain the lubri¬ 
cant. It was also IK deed that the oil heeame oharoed with minute 
spheroids of white-metal rubbed oil' the surface of the block, which 
were considered by liehrens to play a not imimjiortant ]>art in 
redueino the friction. 

In Tabic .\(IVI. the eoinjiosition is given of a large number of 
white antifriction alloys which have been intriKluced. 

As might be ^vputed from the griat variation.s in their com¬ 
position, white metals vary greatly in the i-xtent to which they 
icduce the coeflicient of friction, and also in their touginioss and 
hardness. The soft varietii's when clean and working against iron 
or steel at exei'edingly low speeds, give high eoctlicients of friction, 
hut the heat jirodiiccd is so small and l.lie adliesioii of the rublmig 
siirfaccs so slight that no injury is done to them. Should the 
jiressure lie locally licavy, the metal is merely llaked oil’, or lliitteiied, 
the load relieved, and the .siirfaee hiiriiish(ai. tin this ai'coimt, 
white iiu'tal iieariiigs are iiiilispeiisable for eertaiii purjloses ; as, for 
instance, when Uie shaft resting on Uie fa'iiriiig eaniiot bo made to 
run (piite accurately. 

As an illustralion of tlie extent to vvhii-li thc.se soft metals reduce 
llic friction wlien working on hard steel at ordinary speeds williout 
unguents, we may insl.aiice the c.a.scrof .Magnolia niclaf. I!. H. Smith 
states that when niiining with pure water in.stead of a true 
uiigiieiit iJie coetlicient is as low as IIIKI, the load heing about 100 Ilis. 
per .sipiaiT ineli. M'itli liniss, under similar conditions, the frietion 
is five times as great. 

When the pressures pi'r sipiare inch are great, or tlie bearings are 
subjected to severe sluaiks, very hard mixturi’s arc I'wjiiived. Soft 
metals under sueh circiini.stancos snll'er severely, their siirfaees lieiiig 
rubbed off in flakes. ® 

According to Dewranee, very little lead or sine should be eontained 
ill white metals which have to he lidiriiaited with oils containing free 
fatty acids, as these acids form soajis very readily with the two 
raeta's named, and, therefore, corrode hiully. Tin is not attacked so 
readily, and the safer plan is to use an alloy com])Osed [iriiicijially of 
this metal. 

It will he noticed tlial most of the while inctaTs given in Table 
X(!VI., [• iWN, contain anliinony. This metal lias the important 
property of ’ ’eventing the inj-as from shrinking much upon solidi¬ 
fication, or of actually causing it to expand and, Ihereforo, fill tin, 
cavity in whicli it is 'run. When present in the alloy in large pro¬ 
portion, it makes the mixture very haifl and brittle. The hardening 
effect is, t'owever, generally olit'ined by the use of tin and zinc, 
toughness by copper, and s()ftiies.s Iiy lead. Zinc does not alloy v ith 
lead in all pro]iortions, and it will he found that these metals arc 
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Antimony 
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;_ 
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* N< V fiinmila, uauti on Uu- ll.ll 

Bokloni jii'cswit tojreUici' in all<_va. Tin, on tlic. oilier liiind, nlloys 
well willi botli copper ami /.ine. 

The iiioh pressures, anil, conseipiently, liioh Umn-eratures, at whicli 
steam engines now work renclei-s licni]), or other lilirous paekiiio, 
uusniO.Me I'.ir pistor.-roil filanils, for llic lihro is charred by the heat 
and tlic packing loses its titniness. Metallic jiackings are, in con¬ 
sequence, largely sqperseding vogctahle fibre. The following is an 
analysis of a [lacking which stood weli in the ]iiston-rod gland of an 
express locomotive 

I.oiid. Till tlitiiiinny roi)[»ijr 

o-o BBIH ;)-5l V'Th 
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is used in jjbicc of tin the alloy is too soft, and the 
inotal is forced out of the liland ill flakes. 

Soinutimea sucli alloy.s are placed in tlic stuflin{;-ho.\es, either in 
the fonn fiF rinjA! or solid soKinents, oi tliey are fixed as sefiMcnts in 
special frames which are free to move laterally so that no undue 
jii'essuiv shall he put upon the ruhhiiiir faces if the jiiston rod should 
not I'un ipiitu true. Such jia-ekinirs reipiire re^ailar and ^ood luhri- 
I'atioii, and the piston rials ninst ho kept truly evlindrieal, or the 
metiil will shell out of the eland and steam will eseapu. 

The most extensive iiive.sti<;ations of white antifriction alloys have 
heen maile 1)^, liehrens,'(‘harpy,-and ISauoke,^ from whose pa[)ers 
the follow iiifi notes arc takef.. ' , 

('harjiy e<msider.s that hearnii' surfaces should he hard if a low 
eoellicient of friction is desired, and the harder the surface the 
orcater the loail which can he caiTied licfore ahraaion hecins. But 
in practice, uwine: to the irrcf^ularities in hearinf; surfaces, eontaot 
takes |ilace at only a small number of |)oint.s, where the pressure is 
concentrated, and the wear and frietion then become eseessive. 
Jlenee a plastic metal which, under pri'ssnre, can mould itself to llie 
form of the jouni.al and increase the area of the surface in contact is 
desiraiile. 

'file results of mieroseopie c.xamination sliow tliat all the aiiti- 
frietion alloys are composed of hard trains, embedded in a |ilastie 
alloy. The load is earriesl liy the liard p’ains, winch tiax'i' a, com¬ 
paratively low coetHeieut of friction and do not easily cut. The 
plast'cily of the alloy makes it f«xssihle for tlie liearinc- to adjust 
itself closely to the shaft, thus avoiding excessive local ju'essiire. 
Such constitution may he produced in Imiary alloys, the hard 
i^ranis lieing composed of a siuirle mehd such as antimony, or of a 
definite eoniponnd sueli its zinc antinionide, etc., hut it is jireferable 
to use ternary mixtures lieeansc, owiitfr to the complex eompositiou 
of the ‘cement,'a constitution pos.sessinf; tlie reipiired ipialities may 
he more readily obtained. The eoastitution of liroiizes is tlie reverse 
of tliat of white mctitls. InsteiwJ of hafJ grains emhedded in a 
plastic eutectic, tliey eoiitain plastic crystal I jti.'s of copper emhedded 
ill a hard eutectic, lirouze, tlierefore, liius a greater tendency to cut 
tiian till' aniifrietion alloys. When, from any (;.aiise, tlie flim of oil 
hecomes sipieezed out from hetweeu,the journal and tlie hearing, and 
tlie metal lieeomes he.ited, wliiio-nietal wears rajiidly and may fuse, 
lint the shaft is^.liiit little affected. In the ea.se of bronze the 
portions rieli in e,op|—r adhere to the shaft," as already mentioned, 
forming a rougli surface which greatly inertasus the frietion. j 

head and antimony do not eomliinc* 'I’lie eiiteetiu atloy coiitahis 
13 percent. Sb and 87 per cent. I’h, and is seen to be comptised, 
wlieii oxaiuiiied under the inioroscope, of very line alternate lamellie 

’ /Jim niihTnuh’fy'isi'hf Gf/viff der MvinUr mid Lt'fiitrmyrn. 

- Bull. tSoc. ii*/'/n(vur(«jf)ncnt, June 1890, uwd Metidlographist, ii. (i89fi), ji. 9. 
^ ihtidloiji'a})histy Hi, (1900), p. 4 
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of load and antimony. Other alloys contain cither irce lead or free 
antimony embedded in the cuteot'c alloy. Tlic only alloys of load 
and antimony whioh can he used in leacUcc a-S antirrict'''r metals 
are those eoiihiinin .■ from l.o to 25 ])er cent, of antimony; alloys 
rieher in load are k ' soft, and have a tendency, to cut, whilst those 
richer in antimony oceome brittle and are liable to break under 
a heavy load. 

Load and tin do not combine. Their alloys are id\vay.s composed 
of erysDdiine needlc.s, cither .T le:id or tin, embeddwl in a eutectic 
alloy containing abi Hi 38 ])cr cent. I’b and (i2 jicr cent. iSn. Tlio 
ma.vimum compressive strengtli is found in the euteetie alloy itself, 
whieh is tlie oiji,' in whieli the eonst'tuenl metals are thi! most 
finely divided. 

Antimony gr('atly increases the compressive strengtli of alloys of 
lead anil tin. In order to avoid briltloness, the ))r(i[K)rtion of anti¬ 
mony in the idloy should not eiceed 15 to 18 percent., and to obtain 
in these eimdit.ions as high a eompressive strengtli as possilde, the 
alloy should contain between 15 and DO per rent, of tin. All the 
lurnaiy alloys eoiilaiiiiiig at least 10 per cent, of anthuony consist ol 
bard grains, eoni[iosed of a eonqsmnd of aiitiiiioiiy and tin, embeddeil 
in a eutectic alloy. Tliese alloys, f.herefore, have a similar structure 
to the binary lead-antiiiiony alloys, but tlie [ireseiice of tin as a 
constituent of the bard gr.iins diuiinisfics tlieir hardness and also 
their britllciH's.s, and, as a. constituent of the euteetie alloy, increases 
its eonipressivi' strength. The ternary alloys are, therefore, (harpy 
considers, sujierior to the hiiiary lead-aiitiiiiony alloys as anlifrietiuii 
metals. The proportion of tin must cveecd 10 per cent., but need 
not e.'.ceed 20 ])er cent. The aiitiiiioiiy may vary between 10 and 
18 per eeiit. 

,\eeording to liebrens and llaiiehe, white antifriction alloys of tin, 
antimony, and cojipcr (wliicb always contain a large proportion of 
tin) are eonpioscd, morphologically, of niinutc malleable cuboids of 
SbSii.,, and brittle needles of (hiSn embedded in a matrix or ground 
mass composed of tin (PiiiDiining ;i percentage of eojipcr and anti¬ 
mony whieh is greater the iiioro rajiidly the metal has lieen cooled. 
()f ail tlie alloys examined liy (harpy, liie one possessing tlie greatest 
eompre-sivo streng.h without l«;ing hriUlc was eonijiosed of Sii 
83'.i3, Sb 11 'll, (hi 5'5.5, and (Ibarpy considers that tlie best alloys 
should probably have such a eompositioii witliin 3 or 4 per cent. 
Thu rate of eo<.iling lias a great oileet on tlie size of the cuboids, 
and the compressive atreiiglh is greater the ipiiefer the cooling. 

On ; Idiiig copper to !ead-antiuiony alloys the oopjicr is taken up 
by the an iinoiiy, forming ,the eoiin«iund Sbthrt, Mliich crystallizes 
ill vioiet-colo.ireif needles. The Hanio compound also forms ti pjirt 
of the eutectic v 'ey, and the eoinprossivc strength of the metal 
i'lcreaso.s. If tisi iiuieh cop[ier be*!iddod, segregation takes place; 
the all ;y then eoiitaine sou* drops rich in copper, having the 
ordinary constitution of cojiper-autimony alloys, in the inidsl^of an 
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<‘illoy ri«:| in Icau which xolklilics later and cAhihils S(mie ^^-ains of 
Sh aiul Sh(^i.,. K/'oni the filet tlmt tlio addition of copper tn alloys 
<'oiitaiiun^ less than 13 [icr cent, of Sh decreases insleafl of in¬ 
creases the conipn'ssiie strength, it follows that th<- conijKfdtion of 
these ternary alhyx.should vary only within relntively narrow limits. 
Ily adding to alloys of lead and antimony containing" from Ih to 25 
per cent. Sh an aiiKaml of copper not ex<wlin<r 10 per cent., it is 
p<iss}l>ie h) raise materially the compressive stn'ic^'lli and to ])rodii(;o 
some alloys of suiiilar constitution t(» llmsc of tin, coppt'i* a,nd 
antimony. Tiie ('lu'mins de for do I’Kst uses as metallic packing" for 
Ioeoin(ili\{‘ niid^teiKler hcarii.gs an alloy coutainin^": — 

Ijf.ul, ... , . * (in 

AnlniHuiy, . . 2.^) 

. .10 

ino 

A few of the antifriction metals j^iveu in Tahle \t’\d. eoiitain /iue 
as a main constituent. Some of these alh»^)s possess a very hij.,di 
(Compressive siieii^th, and the tin largely neutralizes jhe very ^reat 
hritth'iiess of the z/mc antimony alloys. 1'hey an: relatively cheafi, 
hnt (litrieiilt to ])re]);ire, (nvinj; to the oxidizability of the zinc, vvhie.li 
is said to he exaggerated in the presence of antimony. 

Goodman, who has'i>con engaged for sevenil years in (he inves¬ 
tigation of antifriction alloys, discovei*ed some time ag(j that the 
jiresence of very small <|i|Rntities of certain metailie ‘ imjainties’ has 
a remarliahie efloct upon the friction.* The alloys in fpiestion were 
composed of load, antimony, and tin. It wjis found tliat the addition 
of D’l ]H’r cent, of aluminium increased the friidJon 2D to 30 per 
cent. ; on the other Imud, if a similar amount of bismuth were added, 
insU'nd of aluminium, the friction was reduced. Tlic cnriniis ohserva- 
tiou was made that whilst O’] per cent, of bismuth reduced the fiiction 
souH'wliat, and 0‘2 j>er cent, reduced it still more, if D’3 ptT cent. 
wer<‘ added the friction went up .aj^airi undi^* hc.avy loads ; and by a 
series of experiments it \v;is found, as shown previously by Amorican 
e.xpcrimenters, tlial about 0*25 per cent, of hisimitJi gave the best 
result; from this proportion up U) alniut I per c/;iit. of bismuth the 
friction immediately became much higher than it was witli tJic best 
percentage, (ioodman states that he Has found that if the ‘impurity’ 
added to the alloy he a moUil of smallcT atomic volume than the 
alloy itself, the frich'on goes up, and if it he a ipetal of larger atomic 
volume, the friction goes down. As the result of long cxporicnce 
and investigation, .‘ioodman informs us that pure ]eaj[ is ^.nc of 
the best antifriction metals for l)oaring.s w'orking under fairly coustunt 
loa'ds u]) to about 5()() llis. per .sipiare inch. In t^h’e fiicti(«i-tosti>ig 
inaidiini' illustrated on p. 359 tlv' tost journal runs in east-iron bear¬ 
ings lined with lead. 

* T/iini Hrpvrt to the Alloys ikscorch Committee (18I>6), p 289. 
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M‘nod ami Hhle. lii si)iir urn] bevcilod gear \\c liavc Wi^.lcal witli 
lino fricnou. Hero, ono set o( leotli hi a pu'r of ivhools v, nrking 
Uigotlier is^'ftou iiiiido of sumo liurd and dense m nod, snob as crab- 
troo, liovnboani, i >ensl-or bo'ccli, tittod into an iron fraino, or oonl-ro, 
in sueli a, way tba' tlio teeth can la' taken out and rejilaeed with new 
ones wlien uiuch 'Vorn. lio.\, beech, holly, elm, niajiie, oak, hiekorv, 
canewood, snakewood and lignmn viDe arc also imicli in rci|ucst i'or 
shaft bearings, etc. Of these, lignum vita', «hieli will sustain very 
great iiri'ssiires without abrasion, is, [lerbaiis, the most valuable, more 
especially as it wx ks well under water. Hucb bearings as those of 
stern frame blocks and the gland in a ship’s side '*i keep the water 
from enlering.^iai't.' this wocsl let iiflo grtsives cut into bushes of 
bronze. The strips thus let in stand somewdiat above the metallic 
surface, so as to allow of a free circulation of water, and the grain is 
placed at right angles to the rubbing surface of the shaft. I.iguuni 
vitie, also, is sometimes used for hydraulic valve faces, pivots, etc. 
The cireumstance that it works well under water is no doubt due to 
the fact that throughout the cells forming the woody structure are 
distributed resinous substances wdiich act as Inbriciint.s, and, however 
much it may be abraded, the surface of the woisl has always a smaller 
sujiortieial tension than has water- and, therefore, is always sejiarated 
from the metal by a lubricant. 

Jlhinoeeros hide is also largely used for gear wheels, as it wears well 
with small loads and runs silently. 

Of/ier Noit-meiiilht' Maleriah .—In the case of watelu's and vei'y 
light, continuously running machinery, which cannot be regularly 
lubricated, hard steel pins running u)K)n agate or jewelled lieariugs 
give the best results. 

Even fur large shafts, stone bearings are occasiomdly ailopted. The 
natural stones suitable for this |mrpi.ise are those which arc wholly 
free, fi'om grittineas, and souicwliat inferior in hardness to iron. 
tly[)sum, |)urc clay slate, |)nre coinjiact limestone, marble, and silicate 
of magne.s'ia or soajistone (the last being the best) are those in most 
gencr.al use. Many soft rocks, .such as sandsbmc, sandy limestones, 
and slates, arc not suitable, as they contidn crysbils of quartz—a hard 
mineral which scratches and grinds down even the hardest steel. A 
nou-m tallic matciml for bearings, called ‘adamas,’consists of silicate 
of magnesia, ground, adeined, moulded by hydraulic pressure into 
blocks of suitable figures, and liaked. The advantages to be gained 
from a lubrication jioint of view from the use ol^silicate of magnesia 
result from its combifting a certain greiusiness of surface with a degree 
of haroness sufficient tiA.socurc the rcqidsite dundiility. 

tiovcrai other mixtures ')i solids have been intriKlueed which, it i.s 
claimed, run well on Iron or steel without the use of any liipiid 
lubricant w'hatevfi. They ubno.st jll contain graphite, mixed with 
b line binding material. 

At pi isent it is only where, tor some reason, oil or other lubricant 
is objectioiiable, that such antifriction materials are usedi well 



894 


■ LUIiKlCATION AND LUBRICANTS. 

(Ic.sigiicil ii<(l prini(Vly liiliriixit^ftd snrfiiccs having proved more relialile 
and eeiiiioniical. • 

:\ solid heanng for sliafis, ele., called ‘ carhoid,’ has hcoii introdiaa’d 
liy Killingwyrth Hedges. IL is siud Ui ecmsisl of powdered earlioii 
iiii.M'd wilh a certain pni|Kirti(m of steatite, with the twofold object 
of eoiisolidatiiig the friable earlKm and deereiusiiig the frielion. 'Die 
‘earboiii,’ which may be fixed to the rough surface of a easting by a 
spi'cial eemeiit, lues been used for inaehinery for line fabrics which 
oil would injure, for the bearings of steam-heated cylinders, ami also 
for such licarings as cannot easily be lubricated. I'uwin, who 
(Ictcruiincd its f^'ictioii coellieient, found that it followed somewhat 
closely the laws of solid frictio. . , 

Asbestos is also hirgely used ms an antifriction jiaching for tajis and 
valves. It may be compressed until it becomes dense and hard and 
callable of carrying a very eonsidera.ble load, yet, owing to its librous 
nature, it holds together and forms a giHsl smooth-bearing surface. 

The Lubrication of Bearings.—Before proceeding to describe the 
design and nictliods of lubrication of bearings it may be useful to 
give a lirief summary of the main coiichisioiis arrived at in the 
chapter on the ‘Theory of Lnhrication.’ 

Friflidii a»</ Fpmi. —It was shown in (Ihapter IV. that liotli in 
the case of cylindrical and flat surfaces, whim the speed e.xeeeds 
about 10 feel per mimU,c and the lidirieation is good, the resistance 
offered to tlie relative motion of opposing surfaees, owing to the 
viscosity of the iuterveuiiio. lubricant, is approximately proportimi.al 
to the sipiare root of the speed. At lower velocities, liowever, the 
frictional resistance follows quite dilfereiit laws. 

Although the euuditions obtaining when the load is small (10 lbs. 
per square incli in the laiso of plane .surfaces and 50 lbs. when the 
bearing is cylindrical) are interesting from a theoretical jiohit of view, 
such loads are seldom used in practice, except with very high sjieeils. 
\Vc may, tliereforo, omit, consideration of thorn here, and merely deal 
with such loads as have lobe placed .qioii ordinary bearings, ;,c. those 
which I’xecod 40 Ihs. per sijuare inch in thtf case of plane surfaees 
and 100 Ihs. fur journals. 

When we have to deal with well lubricated surfaces and ordinary 
loads, the eocltieicut of friction of rest is slightly less, to jmlgc by 
.such experiments as are available, tjjaii that of very slow motion, 
but with increasing speed a ma.ximmn is soon reached, lieyoud wTiicli 
tile eoellieient of fyetion rapidly decreases as the speed rises, tnitil 
between 10 and 100 feet per minute is reaciuxi. At about 10 feet 
per luiimle, if tlie lulirieatioir lie good, it should be at a mimimiiii. 
Diagram fig. ;!4, page 60, lias liecu liiiiwai to show the Kariation of 
tlio eoelticiont of friction with change of sjiccd, ^ 

-sViw-syiecd hiihrieuliun. —Tho oil-films rcniaininiAihetw eon surfaces 
wTiieli have been prcs.sed togefher, without tangentbal motion, for 
some lime, are merely siiiK'rficial tension films. They a-e in all 
easestcxceedingly thin. Indeed, so thin are they that the minute 



395 


THE DESIGN AND LDIililCATION OF BiArINGS. 

irregiiliirities of uvi-ii ji,)liKlied surfaoti^arc cniililoif to eiigl^'c iii oacli 
(itlicr to some extent, Tlie greStor the liiicl(iii#.s of tlio surface film 
sei>urating the sf>Uc]Sj tlie greater tlu oiliiioss of the liil)rieant, is said 
to 111. A soap filai, for instance, wliicli lias (!(m.suh,i.iliie oilmess, 
prolialily lias a t''ickiiess somewhnt exceeding ten niillionllis of a 
inilliinolre, and is .staldo in a Iminid atinospliere. 

(hir knowledge of the thickness of Inbricatiiig lilnis, when thev 
separate solid hodies, is really very incomplete; but that they are 
exlreincly thin, especially m the ca.sc of mineral oils, is jiroved hy 
the fact that thci is always considerable friction between e\en well- 
polished surfaces at extremely low speeds. 

As, at very^iw Speeds, the oil iilin»is not aulliciently thick to keep 
the surfaces apart, they abrade each other somewhat, and when thi.s 
is the normal condition of working, they must he made of nielals 
which do nut easily seize or weld together. In sneli cases the lowest 
coeHicient is ohtamed by tbe use of fatty od.s, whicb are generally 
mixed with mini'ral oils. 

///;//(-speed hnbrinitiim.- - It lias been sliown that when the speed 
of rubbing is eon.sidcrahle, and the load not too heavy, the manner in 
which the friction varies witli changc.s of load, speed, and viscosity is 
siicli as to prove tiiiit it is then w'lolly due to tlie viseoiis rcsi,stance 
offoreii by tlic lubricant itself to luotimi, and is unafl'ceted liy tlie 
nature of the metals rurniiiig the ruhliing surfaces. 

The fact that the frielion is decreased hy a lliiekeuiiig of the 
lubricating (lliii lias alreiuly been fully explained. As the ell'ccl, 
liowevcr, is by no means self-ev'idcnt, we will illustrate the case by 
reference to a sinijde experiment. A face ]ilate is Hooded with a 
rcasiviably tliick oil, and upon tbe oil-lllni is placeil another face 
plate of .smaller aiz,c At the moment the oil is ineiosed, tlie film is 
a thick one,, and the smaller |ilate may he moved iiliiiul wilh the 
greatest case. As, however, the oil is slowly pressed out from hetween 
the BUi'faees the resistance to motion increases rapidly, and, if the 
upper plate he a heavy one, the .surfaces will, in a short time, close 
logi'fhcr and cause a*.still greater increase in tlie friction, from 
this it is clear that the thinner the oil-film the groaler is the frictional 
resistance, and »vVc rc.ma. 

W1 eii the ruhhing surfaces, whether jilidn oi’ cylindrical, are 
niaiiitained in constant and yipid relative inoliuii, oil is forcihly in¬ 
truded, and a film ie maintained lietwccn them whieli reduces fiietion 
ciioriiiiiusly. The olijeet of the engineer slioii^d, tlierel'oi’e, he so to 
design ids hearings (hat this film shall lie as thick anil have its .small 
a visfosity as |ios.sihlc.« When theseredilts are ohtainod, the frictional 
resi.^lanca» is very small, sriI the wear nil or nearly so. 

linperfeet lubricatiui, wc notice, results either from the fact-that 
the speed of ruV mg ks very slow, that the supply of oil is ruslrioted, 
or that tlie weight ujiou tlie hearing is too great. 

Wlian it arises from the fi:'.st of these rcrasons, good results can 
only bo obtained by making the surfaces that come into contacbof sucli 



39G 


' LUBIllCATION AND LUlililCANTS. 

iimtcriuls ;ii will not ristdily leize or gall each other, ami hy using 
very oily lubricants. It is, liowetcr, to an iin]icrfccl supply of 
the liibi'icaut that the greatest losses by fiiction can g'S'^rally be 
tniceii. 

For many years it was tlie custom to imt just as little oil upon a 
healing as wouhl prevent it from runiimg hot, economy of oil being 
sec.nred in the great majority of instances ,at the expense of the 
maehmery and fuel. Keonomy in the use of lubricants is also 
obtained liy the use of grease, but, as in the case above, with loss of 
power, for altliough grea.ses tend to remain between tlie rubbing 
surfaces and fore* tliiek films, they are very viscous or even plastic. 

However, more perfect metliMs of lubrieatioii aie i\')W being iutro- 
diieed, and tlie ailvanlages secured by their adojitiou are becoming 
more widely ajijireeialeil every day, for power n.sers freipieiitly' licep 
a record ol the energy exertisl liy their prime movers, and compare 
it with the energy actually coiisumed in doing ii.'cl'ul work. The 
dill'erencc is, of emrse, lost in friction during transmission, and so 
great is iiiis loss very often, that users of power and practical 
engineers are hegiimmg to look elo.sely into the design of hearings, 
etc., with a view to securing conditions favourable to a low coetficieut 
of friction. 

’I'lie sooner the fact is appreciated that not only have siiiijile 
menus licen devised for'supplying the lubricant in siicli a maimor 
llial. tlie friction is reduced to a niiniimim, and that at the same 
lime lubricants can be usec^/vor and over again and not wasted, the 
sooner the old unsatisfactory metluKls will di.sappear. 

it should be clearly understood that the ]ioKsibility of making 
jiractical use of such devices as will give results comparable •with 
those obtained by lieaucbamji Tower dates fioni the iiitrodiictioii 
of mineral oils and of non-acid fatty oils blended with tbeni. 

Tlie original objection to memiir bearings was that they required, 
in the first instance, a large supjdy of oil, which soon became viscid 
and useless by o.xidation, etc., and tuat Hie reservoirs bad to be 
freijueutly recharged. • 

This objection can no longer be considered valid, for good oils 
may now bo obtained, a single charge of wbicli can he allowed to 
work continuously for ten or twelve months Sitboiil beonmiiig 
objectionably viscid or acid. , 

The pressure lilnis produced by the tr.ippingof the lubricant wlioii 
the supjily is good ^ire very considerably tliicker than siqieriicial 
tension' films. In a | .rticular instance, ly ab electrical contact 
method, (ioodmun found that? a luhricating film had a thicknr.jts of 
one fivc-thonsandth part (’0002) of an incU Oshornc lleyntlds, from 
the friction of a particular hearing, estimated it to wry, in diflcren\ 
parts, from '00077 to•000275 incli in thickness ('OlSifS to '0095 mm.). 
Kingsbury ' experimented with a journal 3'82 iiicbcs in diameter and 
10 inches long, bearings and journal liiMug exactly the same'.-adius. 

• ' Trans. Avier, Sac. Mcch. Einj,, vol. xxiv. (ISiOS), 143. 
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Tile clionls of tiic licariii^ wirfaccs were 3 iiiclips eiicl^ tlie speed 
80 and 190 rovoliaiotis per iiinmtc, and tho 'jniinial wa.s Hooded 
witdi oil.' «lly weasurinp; tlie displaoouioiit of tiie licarinos, tlie oil 
film wa.s found to have a mean Uiiekness of from 'OOUHl to ’00093 
ineli under loads virying from 27 to 270 ponndr per Bijimro incli. 
Kingsbury lias nported' later c.\pcrimeul.s made by the IVesting- 
honse Kleetrlc and Mamifai-liiring Co. at K.ast J’itlsbnrg, in wliioli 
the thickness of the oil-film was measured at dillcrcnt sjieeds nji to 
I’iOO rovolntiona {-1710 fcet) per minute. In this oa.se the shaft was 
15 inehes in diameter, the bcuring 40 inches in length, flooded 
with oil, and llie tuml load on the licaring was 94,(iS)0 pounds. The 
thickness of tl|ti oil him on tlie ‘on’ ifide of tlie lioaring ranged Irom 
about O’OO 19 ineli at 470 revolutioms [ler minute to about 0’0U314 
ineli at 1070 revolutioms per minute. On the ‘oiV’ side of the 
hearing tlie film was found at all speeds to ho tliinner tlian on tlie 
‘on’ .side, as was tlieoretieally jn-oved by Osborne Itcynolds must 
lie the case willi ‘perfect’ lubrication. Kingsbury states tliat tlie 
film tliickne.ss was probably greater than the above measurements 
indicated, owing to the llc.vure of the shaft. 

in the chapter on ‘'I’lie Theory of Lubrication,’ the manner in 
whieli this film forms and thickens as the speed increases has 
been as fidly considered as is possible without tlie introduction of 
advanced matliematieal methofls. 

As previously pointed out, the importance of .securing perfect 
lulii'ication lias lieeome more aigl more recognized since tiie classical 
experiments of Leaueliamp Tower on the friction of lubricated sur¬ 
faces were niiulo. lie sliowed that tlie mctliods of applying tlie 
lubi'fcant to tlie bearing in conimoii use are often very imperfect, and 
not only lead to great waste of oil, lint fail to allow tlie bearings to 
make the best of what they do get. 

As is almost alw.ays tlie case with iinprovciiients designed to give 
increased economy, the introduction of lictter designed liearings and 
lubricating arratigenijjnts has been comparatively slow, for, as wo 
shall find, tliere arc meclianical dilliculties to lie overcome before, in 
all cases, tlio liest remits can lie obtained, and tlie improved bearings 
are not always tlie elioapest or the simplest. 

'riien, again, tlie designs of bearing in common use, and tlio 
metlioiis of lubrication adopt 'd, have been tlie result of experimental 
practice wliich did not take mneli note of tlie actual frictional 
resi.stances met with, except when tliey wor&^.so great that serious 
heating wa.s caused. Unscientific methods liave conserpiently been 
largf’iy followed, a clioap rather tlian an ecoBornical hearing being 
aimed atT * 

Ihit it is ce/t' in that in future the engineer will not be content 
with a beariifg simply hi;cau.se»it does not run liot and give 
-trouble. His object, as we have said, will be to reduce the friction 
and Wear to a minimmn, ahiT to enable the power of his motor to be 
' Trans. Avier. Sttc. Hfsrh. Entj,, vel. xxvii. (1905), p. 1'25, ” 
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cxpcmleil'iTpon tlic work in fl:iini i-itlior tlian in overcoming :i,voi(i- 
rosistoiicos. * 

I'iveii at the rink of appearinj; to eini)Iiasisc too stroiii?!) tho value 
of tile inai'j new (lesi.un.s wliich have been introdiieoii for Beeuring 
perfect liiiiricailioii, we shall illustrate tome of tho best and most 
largely used of them for the purpose of showing the direction in 
winch design is ikjw moving. In the immodiate future there is 
every reiisoii to <‘.\peet that many improvements in detail will be 
inlrodimed, and instead of the design of tho nibbing surfaces of 
a maeliine and tlie method of application of tlie lubricant being 
regarded as of citliipanitively little moment, they' will receive their 
proper shari' of aXtention by the dniughtsman. Stiim and other 
motors, etc., will then bo less likely to give trouble, owing to over¬ 
heated or damaged bearings, than is now the ca.se. 

In the discussion of his report on friction e.vperiments, I'cauchamp 
Tower said' it seemed to him that the iunKirtant practie.il mferenee 
is, that it is actually po,ssihle to so liihricate a hearing that, not only 
would nieta.llic friction he altogether done away with, and thereby 
the aiiiouiit of power Imst by friction he reduced, Imt nielallic wear 
and tear would also be abolished. lie would not say that such a 
result was aetually po.ssihlo in iiractice now, hut it was a rcasomihlc 
one to aim at in moehanism. By giving a profuse lubrication, and 
by liaving the brasses so arranged that there sbonid be a uniform 
pressure all over their surface, it was jaissiblc to have wear and tear 
bctwei'ii metal and oil, insto4fl of between metal and metal. 

To a reduction in the frictional resistance of the machine wo must, 
therefore, also a<td the increased life of its parts secureil bv the 
adojiUun of more perfect systems of hihrication, and botli of the,sc 
advantages may, if we use proper bleinis of oil, he secured without 
increased cost or waste. 

l‘ii!iilinHt: for Oil-miys. -At high speeds, given a good supply of 
lubricant of proper quality applied at the proper jilace, a layer oi' oil 
becomes tra])|ied between the rubbing snr|iiccs and conqiletely 
se]iarates tln-in. Upon this Him rosts the load. The oil, therefore, 
is under very considerahlc jiressnrc towards tlic'ncntre of the hearing 
snrf.icc, but as wo approach the edge.s, the pressiire falls off. and 
reaches zero at the margin. This is no theoretical assumption, but 
a fact which Beauchamp Tower discovcrW by perforating the brass of 
a journal, and connecting to the hole a pressure gauge. 

As the load is com[»',etely oil-borne, the distril|,iition of pressure in 
the lilm depends upon the dipection in which the load acts. The 
formation of the film<ir pad of oil results entirely from tli^ vis'sons 
projierties of the lubricant, a.s also does T;lie friction. When the 
speed of rubbing is slow, the lubricant is not tmpj^id between the'^ 
surfaces'to any great extent, and •Joes not form a thick sustaining 
lilm. Ill such cases, a lubricant pos.scjsing the property of oiliucss' 

' Seeojd lleiiort on I'notiou KxiicriuwuUi, Proc. hat. Mcrlu JEnij., 188!!. 
p. 64. 
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or grcii.“ii rss, ratlicr tliati \iscosi4y, is n'ecessarj', tatty oils f,iving tho 
best results. 

Tlio^lubrfcant is then kept between the surface.? beoau • the oil or 
grea.se libus poweifully resist rupture. Oil-ways, tborefore, may be 
out along those part.s of the faces wbieh are being forcibly pressod 
togetlier, and can be made of siieb lengths, and extend in sneb direc¬ 
tion,s, that owing b) the close fit of the parts they will retain the oil 
fed to them, 'I'liis cannot, however, be done with advantage when 
the speed of running is high and tho lubrication ‘ perfeist,’ for oil-ways 
cut along faces to the edgc.s, or from holes drilled where the pressure 
film shmdd he, allo,'\ tiie oil to eseapo, and tho Butfaces then close 
together. y 

When the lubrication is ‘imperfect,’ the speed of running lieing 
only moderate and the journal of large diameter, it is often very 
diflieult to keep the bearing cool, px'en if lived oils of eoiisiderable 
viscosity are nsisl. In such cases, grooves, and sometimes mere' fiat 
surfaces of small width, are cut on the cylindrical surface of tlie 
journal. At other times, sjaral gr(K)Ves are cut romid the surface 
of the jouniid, or, porhalJS, several short grooves are cut iit difl'erent 
points of the circumfereuce. These givKives eariy tlu! lulii'icant 
b<>tw(H'n tlie nibbing surfaces, and the latter, therefore, are pre¬ 
vented from becoming dry. 

(1. I'l. llefi’ord,’ ]hN.,h;us found that sncli a flat surface filed about 
‘Jd° on the ‘idle .side’ of the crank idn of an engine which always 
rotates in the same direction giws good results. 

Such devices, however, except when the speeds arc low, only serve 
to remedy the evils which result from imperfect lubrication, and siimdd 
not he used in cases where the conditions are suitable for securing 
‘perfect’ lubrication. 

In the easd of fixed machinery, tho moving jiarts, in the majorify 
of instances, rest iqsm the bearings, and run at speeds which adndt 
of perfect lulirication. The liihrieaiits in these eases can he sipiplied 
tliroiigh holes and gi’^oves cut in the caji of the hearing, for the 
pressure fdm or pad is on the lower brass. On the other hand, the 
axle hearings of rail 'ay vehicles rest upon the journal, and the 
lubricant should he siipjiliod at the bottom or side.?. Grooves in tho 
ton brasses allow tho lubricant to escape, undue wear takes place, 
and the hearings are liable to'’run hot. Vertical engine main hear- 
ing.s are often subject to forces which tend to lift the shaft from its 
seat and force it ajjalnst the bottom and toj/ brasses idlernately. 
In tills case wo require a pressure iihji on the top as well ns on the 
bottom hi-IBS, and no grooves should he cut in lither of them. The 
lubricant,” under such circi5nistaueeB, must he applied at both sides of 
the bearing. 

Ill all bearings, tlie oil is intruded along the ‘on ’ side of tlie brass, 
and is expelled along the othe,r three sides and ends. h’ig. 96 shows 
a plan of such a surface, and the arrows indicate, roughly, the jiaths 
^ Thf. PrurUatl RiiainMr. Isf. ti 331. 
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of llic oi!*,l<:riKS it. A jxirtiAi of the oil cscape.s at tlie oikIk, the 
quiintity heiii^' lar^f; when the film is thick anti the lubrication 
good, and if sonic means be not ailviseti for causing Uir oil thus 
expolleil to return to the source of supply, it will be thrown about 
and wasted. In the majority of modern bearings guards are cast 
at (he iiuls of the pedestal, and the oil, as it is thrown into them 
I'rom (he collars on the shaft. Hows into a reservoir below the axle. 

Another plan (lig. 97) for preventing the expulsion of the oil 
is to cut oil-ways near the ends of the hearing, and, by bevelling 
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tlie brass, t.o |irovide channels along the edge to distribute the 
lubricant along tbo journal face. If [lossible, all grooves in (,be 
brasses should be avoided, for dirt is apt to collect in and fill them 
u]>. 

l!eaiicham]i Tower’s exjieriments on the frictional resistance and 
loails carried liy bearings with different methods of lubrication may 
lie recounted liere with ad\«|((itage, ijs they show in a very striking 
iiiaimer liow important it is to cut the oil-ways of bearings in proper 
posil ions. Several methods of oiling were tested by him. 

'\\'ben t.lie liibiieaiit was supplied tlirough a hole drilled ib the 
crown of a brass (fig. 98) which rested uixin a journal, and was 
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distributed liy means of a groove paraUel to the axi.s of the brass and 
cstoiidiug nearly to the ends of the bearing, it wa.s found that the 
journal would not I'Kii cool when the load exceeded 100 lbs. per 
scpiaro inch. It appeared that the hole and groove being in the 
centre of pressure of the brass, allowed the siipjiorting oil-fllai to 
escape. Tliis view was eoiifiriiied by filling up the hole* with the 
lubricant and then easing the weight off the journal' for an iiistaiit.x 
This allowed the oil to sink down,the hole and luiiriel.ie the journal; 
but immediately the load was again allowed to press iijion the journal, 
.the oil rose in the hole to its former level and the journal 'iiecame 
dry ; tlius showing (.hat this arraugoment of hole and groove, instead 




THE DESIGN- AND LtmifirATION OK DEA’ .NGS. 


401 


of l>eiiig ii meiiiis of liiUricothig tlie j< .iriiul, was a most . IVciotual 
moans for collootiiig and removing all oil from it. 

In ]ira(d.\'", gronter loiuls are carried with tl’i.s fanlt'’ ‘'vstom of 
lubrioation than tlu.^e o.v[)orinients would seem to imliciito the iiossi- 
bility of. ThiiS, no i'..iiil)t, results from the vihratioiis and .side-play of 
th(! axle-box on the jouriiiil, atid also to the imperfect fit of the brass, 
which allows the oil to get out of the groove and wet the jonnial. 
When the br.ass i.s ti very good fit and the oil cannot thus ostsine, the 
bearings heat and give trouble. Small grooves, however, out from 
the end of the oil-wtiy to t.hn end of the lirass will often put matters 
right, for the lubricant c.ui then esKijie at the ends ,md retteh the 
journal by ,i ciry.itous |)atli. 

As the centre of the brass was obviously the wrong jilace to 
introduce the oil, Tower resolved to ap])ly it at the sides, when; two 
groovers were iiecordiugly m.ade. They were out pjirallcl to the axis 
of tine jouriml, as shown in fig. 1)9, and extended nearly to the ends 
of the br.ass. Witli this arrangement the hearing did not seize until 
the loail rrached flSO Ihs. per sejuare inch. 

The arrangonient sometimes used for locomotive axles was also 
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tested. The oil was introduced through two holes, one near each end 
of the brass, from each of which ran a curved groove, as shown in the 
plan, fig. 100. 

This brass refu.scd to take its oil or rnn cool when the load exceeded 
178 lb.s. per square inch. 

In nii'iny inafance.s, sffeh as lociiinotivo liearings, si|ihoii lubrica¬ 
tion has to be mainly depended upon, it being impossible to use the 
ssme oil over and over again .as in the ease of some bearings shortly 
to bo de rribed. To retain the oil as much as po,ssiblc, and prevent 
its e.vprossion in undue qu,antiti sat the ends of the jonnial, an oil 
groove may lie cutas showm in fig. 100 a. The lubricant is fed in by 
the siphon wicks through the holes A A on tl.' ‘ on ’ side of the 
brass, and rctnnis through the groove from the ‘off’ to the ‘on’ 
side, being tlniR used several times in succcs-sion. ^Wheii it is possible 
to use an ml-pad below the ixlo, the two escape groovees 111! may be 
cut. The oil raised from the ]rad by the rotation of the journal is 
then returned to ■ oe, pad by escapijjg through these grooves; and 
is "ms prevented from being wasted at the sides. 

Pad I lirii'atwn .—Having tesved siphon lubrication with oil-ways 
of various kinds, rieauchamp Tower experimented with liras,ses which 
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Imd no iiil-ways cut in thnii, tlic liilirirant being snpplieil by pads 
pressed against th^ undersides of tbo journals. Although the oil 
was only snp])li(!d to the ))ad.s by capillary action, and the journals 
ueri'only just oily lo tlic touch, l.bcy carriefl loads ol' from 550 to 
fiNO lbs. [)er square inch. The frictional resistance was also c.xcccd 
iiigly small. 

lialli or ‘ ’ iMhrirolion. — When the lower side of the 

journal dijis into a bath of the lubricant, the surfaci' is covered by a 
thick film (if od which is (Carried agaimst tlu! ‘on’ side of tlui biass. 
Under .such condition.s the lubrieatiou is said to be ‘perfect.’ With 
this form of bibrication a journal has carried, without dilllculty, as 
miicli as (!‘20 lbs. per sipiare fiich. 

The e.steut lo which friction dejiends upon the eompleteness with 
wlindi the uxpo.sed portion of the journal is kept welled with the 
lubricant is shown in Table XV., page 81!. 

It is clear from these figurc.s that unproved luethods of lubriciition 
nut only enabhi n.s to increase tlie loads on our bearings, but also to 
greatly decrease tlieir frietioiial reisistaiices. 

'Tlie oil-bath, it appears, represents the most jierfeet method of self- 
Iiibricatioii jiussible, and carries us to the limit licyuiid wiiicli fri<di<jn 
Oiiiinot be reduced, except by nieclianieal luethuds of oil supjily. 'i'hc 
experiiucuts show that with siiecds of from 100 to 200 feet jier 
minute, by properly ]n' 0 |)ortioniiig the bearing surface to the load, 
it is [lossibie to reduce the frictional resistance so much that tlu! 
cocllioient is as low as ^01. A coefficient of friction of 0'002 i,S' 
easily obtained, and probably is often attained in engine bearings in 
wdiicli the direction of the force is rajndly allernatiiig. 

Til the design of bearings of all kinds, the object aimed .it is to 
secure the conditions of bath Inbrie.atiou; when even these con¬ 
ditions will not suffice, owing to the heavy load on ..be brass, other 
means have to be adopted. 

lAtrre-I'unrp LuhriraJnm .— When, owing to the loads being e.veeed- 
iiigly great, or tlie speeds low, a pressure film oaniiot be retained 
automatically in the ordinary way, the best plan is to force the 
oil Ix'tween the faces by means of a pump actuated cither by the 
motion of the shaft itself, or by hand. Of late years this metliod has 
been adopted in (piitea luunberof instances. Daniel Adamson states 
that, in one instance, a heavy shaft wi.icb gave a pressure of 2200 lbs. 
per sipiare inch was kept running for yeare in this way without any 
difficulty wliatovor, the oil being pumjied in by hand occasionidly. 

This method of lull. Ication has also been found eitectivo for jiivot 
bearings. WitlioiV- such aid, this form of bearing surface cau'iot bo 
dojieiuied upon to carry loads exceeding 100 lbs. jicr s((uarc inch, and 
to carry oven these loads it is necessary to make the .surfaces ^of 
suitable material and to use,fatty oils of consi.lerable viscosity. 
Thrust-block collar bearings might also bo lubricated in tliis './ay 
with advantage. 

Forced lubrication sliould also be used for liigb-speed motor 
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bearings, wlicii (he heat protliieed Jiy fru.tion cami'il, lie ean*ij(l away 
rapidly cnotigli by the metallic parts ami by »radintion or water 
cooling, L ' iiould also lie used \vher<' the lieariog is a v^ry close (it 
to lliu journal and practically encloses it. 

Ias(!|k'’s ex]ioriim uta show that tl.o heat carried away by the oil 
supplied to a hearing is not in direct pro|iortioii to the (|imntity of 
oil, but that a small i|Hau(ily of ml properly conducted between the 
friction surfaces aud caused to circidate Iwtwecn them for a sidlieipnt 
time to acipiire a tempicniturc approaching that of tlio buslies is 
more ctticicnt tliaii a larger quantity wastcfully ajiplicd. In forced 
lubrication tlic oil sh( aid be applied to that part of a'bearing where 
the frictional w(^k or the surface pressure is greatest. 

Heating of Lubricating Films.—In the chapter on solid friction 
it was pointed out tliat the work done in koejmig surfaces in relative 
motion i.s transformed into heat, and that tlie boat jirodnced is 
e.vactly projjortioiml to tlie work done. Wlien the surfaces are 
sejiarate.d by an oil-lilm, the frictional resistance is wholly vi.scons, 
and tlie heat, pi-ndnced rai.ses the tcmjM'ratnre of the lubricant. This 
increase of temporaluro may be very considerable, for the film i.s 
very thin, a bad conductor of heat, and the motion of the lubri- 
eating fluid is direct, 'flic beat pn-dneed goes, therefore, to increase 
the temperature of a very small volume of oil, from wliicli, as the 
flow i.s not sinuous, the heat escapes but slowly by conduction. 
Oslionie Reynolds calculatcsl that oven when the heating of the 
journal is veiy sm.'dl indeed, and the coellieicnt of friction low, the 
temperature of the oil-film may ho as much as 15" F. aliove that of 
the surrounding solid parts. In this way the faet that the friction 
of a journal is not projMjrtiomil to the sjieed is explained, for tlic 
lieat produced m the liibrical ing film decreases its viscosity. 

Tlio inc-easi? of friction with increasing speed is least marked 
when the lubricant is a mineral oil whose viscosity dcci'cases rapidly 
with increase of tomperaturc. \V. 1). iScott-Moncricfi' states that in 
some exjicriments made^by Napier and himself, it xvas found tliat 
the friction increased with an increase of velocity in the ease of 
vegetable oils, hut deer, ased with increasing speed with mineral oil. 

When the Inhrioation is ‘imperfect,’ the loss of viscosity resnlting 
from the heat liberated is not .snfticiently great to comiiciisato for the 
resulting thinner film and incrcMcd solid friction, and the frictional 
resistance is, tliorcforo, greater. 

'I’he thermal units geiftratcd in a Ixiariug per niinute 

^ IVd’ 

. 779 ’ 

P being the load cii the hearing, p, the coefficient of friction, and '?> 
the su’dacc veloohj. , , 

'I'lie heat thm develojied in the film has to ho conducted tlirungli 
the shaft mid hearing. But the ipiantity of boat liberated may '>o so 
great, and the lubricant, consequently, become so iluid, that ri is 
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iticaj)n.!ilc< (if snstaiiiing Uie 1 Jad, ami Uieiriilibiiig siirfacos, therefore, 
elfiso together and may seize. 

'I'owor’s cx]ierii)i(‘tits (dearly hriiig out the hwt, as #lui) do tliose 
of (ioodnimi, that the greater the vmeosity of tlie liilirieant, the 
greah'r tlie load a iKjariiig will carry, provided the speed he not too 
higli. 'I'he seizing, when the l(;ada are eonsideralile, owing to the 
reduced viscosity hronght about hy increase of tonpieraturu, is some- 
what nwre pronoiineed when niinerid oils are used tlian it is with 
veget,ahle and aniniid Inhricants, for, as previonsly stated, the t'iseosity 
of llie Lattei- oils does not fall olf so rapidly with rise of temperature 
as is the case eith the former. On tliis account ininerid oils which 
have, at ordinary teinjieraUtres, mneh greater' visypsity than fatty 
oils, can often be used without entailing increased friction. 

Admissible Loads on Bearings.—Tlic conditions wliiidi determine 
tlie area for a bearing neecssary to secure cool running are very 
coniplex, and render it diffieiilt, if not iinii(i.ssilile, to give oven an 
einjiirieal rule wiiercliy it may be calculated, Kougbly, we may 
take it tbat friction always results either from actual abrasion or 


A- 



Fie. lot. Fio. 102. 


from tiio viscous or plastic resistance of the Inliricant. When tlie 
S|ieo(l.s are low and tlie loads heavy, the more oily or greasy tlio 
liibricant, and the smaller tlie tendency of the surfaces in contact 
to gall and seize each oth(>r, the Luialler the necessary contact area 
becomes. TIk* lubrication of a bearing it, generally so imperfect 
witli siplion lubrication, tliat even n]i to sjiecds of 100 feet per 
minute tiie frictional resistance is often many times greater than 
th.it obtained with liath luhricatimi. At modArato or liigb speeds 
it is the viscosity of the oil which keeps the surfaces apart, for wear 
makes the radius of the brass smiiewhat larger tliaii tliat of the 
sliaft or journal, aij[l the lubricant is trapp'd hetwoon them. The 
tliiekneasyif the film of oil is then depeiid'cnt uiion tlie form of 
bearing surface proihieeil by wear, and tills varies according.,,to the 
conditions of rmniihg and the direction ki which the load acts. 

■ Witli each change of load or viscosity the relative position^ of 
tlie brass and journal.are also ;jltcred. With bgh',,loads, or viscous 
lubricanis, lig. lOi sliows tlie eonditions obtaining, whilst with liuavy 
loads, or tliiii oils, tlie relative |iositKms of brass andjnnrna<' are more 
ueanly as in lig. 102. liicrea.sing the load has the effect of bringing 
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the sm-fiices nearer Uigethir uii the ’o(?’ side, aiiti causing* ilieiii to 
[jiu't oil tlio ‘oil’ side. On this ai’comit, althoijgli cx]K'riuicnl has 
shown tliat within wide limits the frietiou of a jonnial r . therefore 
the heiuiug eft'oet, .s mdepcndenl of the load, the local heating with 
great pressures is greater than with small ones, altiuingh the totiil 
heat produced is, in both eases, the same, Kor where the lilm is thin, 
excessive heating takes place, the rale of shear being great, and, more 
espei'iallj' when mineral oils are used, the Inhrii'ant heconies less 
viscous, and, when the louils are too great, allows the surfaces to 
actually touch and abrade emdi other. It will ho seen that increasing 
the viscosity of the lehricant beyond a eurUaiii point, a.’tliongli it may 
prevent actual idirasAin, does not resnlt in decivasod friction, liecaii.se 
although the tendency is to make the lilm more even in thickness 
and prevent the surfaces from touching, more heat is liberated by 
the inereased ilnid friction of the thicker oil. 

The conditions, therefore, which determine the area necessary to be 
given to a liearing .surface are, hi some measure, those wliieli ari.se 
from the healing of the film and tliu nature of the metals in contact. 
TVlien working under normal conditions tlio thickness of the Inhri- 
cating lilm should be so great that the friction and heating cannot 
injure either the lubricant or the i letallic surfaces; but, as it is im¬ 
possible with many forms of oil supply to gnaraiilee a jiroper and 
perfectly regular rate of feed, and also wholly to prevent the access 
of grit, etc., the hearing uiiist be made large enough to carry the 
load, should the supply of oil lie slightly insiiHieieiit, 

However small the frictional resistance may he, the heat liberated 
must he allowed to escajie from the jonriial and brass us quickly 
as posdhle, otherwise it will accumulate and so iiiorea.se tlic 
temperature of the jsirts as to destroy the beariog. But, in practice, 
BO many large»masseB of iron are necessarily in contact witli the 
lubricating film, and they expose sneh a large surface to the air, tliat 
in the majority of cases the hnisses and surfaces in contact with 
them, ineludiiig the lubricating film, arc not excessively heated, and 
the latter dues not lose fts load-carrying jsiwer to a serious extent, 
In tlie case of eonntiyting rods and railway axlo-hoxi’s, the rajiid 
movement through the air (piickly dissipates the heat and enables 
compan.'ivoly heuvj' loads to ho put upon them, even when the 
speeds are high. 

Experimenting with a bearing the loiuls upon which could he varied 
easily, H. F. Moore* found that the maximnm It-jid per square inch 
tliat could be carried before the oil-film began to hrj'idt down 
(indicated by a voltmeter in circuit bdtwecn tl^e heiirhig and the 
jounial) wa^very closely indicated by the following formula i 
p=7'47v'r, 

in which 'f « • ' 

p--=jM>umla j»er sfjuare incli, and 
, t’-!;fcct jier lainule. 

* Amrican 'Mtichmtxf, Sept 2itli, 1903, j*. 130!. 
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^ liUltKlUATlUiS AND LUiSlUUANm 

Tills wjii U'itli balli liibriiiUon and oidiiiary machine oil. With 
such a bi'iu'iiif; llo:^H:hani|i Tower lound that the frictional resistance 
was indc]i'‘ii<lont of the load and jiroportioiial to the sorarc root of 
the siioisl. It, therefore, npjioars that althoiifth the additional 
W'odoiog action of the luhrieatin" film, duo to the increased speed, is 
nieapalile of further separatin’; the journal anil hearing, and thereby 
deereasing the friction, the wedging action iseapahleof sustaining an 
additional load proportional to tlie increased frietional resi.stance 
produced. 

Altliimgli most writers on iidirieation are of ojiinioii tliat the area 
it is iieeessarv«to give tlie opjiosing surfaces of a liearing. depends, in 
great me.isure, njwm tlie liea'ing etioct resnltiii;’ I'ropi tl.'' friction of 
tlie ruliliiiig surfaces, it is admitted tliat a satisfactory tiieury eamiot 
be liased upon lids eomsidcration alone, for the sustaining [lower,,of a 
liearing is often inerea,sed liy using a more viscous luhrieuiit, iiotwitli- 
staiidiiig tlie increased friction and liealing tlie eliaiige gives ri.so to. 

if we assume that .severe heating occurs only wlieii, owing to a 
deficieney in tlie supjily of lubricant, the eoeffieient of friction 
liecomcs inile[)eiidcnt of tlie load, the results olitamed hr some 
formuhe are ill agri’ement, to .some extent, witli [iraetiee ; liiit it is 
certain tliat, many lieariipgs would heat and seize long before the 
lubrication became anything like so imjierfeet as to bring this about. 
However, eijiiation.s Jiased on the assumption that the area of the 
riibliiiig surfaces through wliieh the heat is dissipated should be 
jirii|K)rlional to. the h^t develojied by friction give some results 
which deserve attention. 


Willi load W, rcvoliitiims N,laaihusof journal r„, and cocHicieiil.of friction 
fii, the heat. liluTated la tnctioii 


:iirr„WNg 

.1 


(I) 


When the Iii'iiniig romjiletcly surrounds the jounial or .diafl, the area of 
tile suvfai'i' tlirougli which the heat can escaiie fi'oiii the film (g); 

one-laalf tieing the area of the tiras.s and oiie-ha^f t.hat, of the journal. 

'the brasses of ni’Hleni journals and .aliafU’are, however, seldom made to 
toiieh the surface wliieh wmks agaiii.st them uv/o' more than one-lifth or 
even oiie-lenlli of the eirciimfereiiee. Making « tlie length of the brass in 
the (lii'eetioii ol mol ion, and t its wiillli, ihe area itf llie siirfaei. through 
which the heat ejin i'sea|K' = »/i + 2irr|,/). 

If 11 hi the mimher ofnml.sol heal ills allowable to dissipate per unit 
of area in unit of lime, then 
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Tlus inijilips tljat-t])!* liihiti? inlensity pressure virios invert'!) a.s N^j, 
uiul iiiay 1).‘ greater t he greater llie \‘nglli t iiuul*- -ts t‘oni])aiVtl with a, 
Ollier muiditKiiis lieiiig the n-iuk*. It h' partly on tiiih accotnit that the. 
hearing l)rH!>Nof rolway \ehiclert are iua<le long and iiarro” The small 
load-Mihlainiug ea]>.udty of ]iivot and (udlar lieariiigs ia also ])artly h> he 
JUuiihed lit the rsiuail- iss of their heal - hsMpating, as c( mpared with their 
heat-pruduring, suvfaees. Slijiper blocks and worm nlieeis an* better olf in 
this re^peet, and will run satisfaclMrily at nmcli higher speeds. 

As no r<-ai!.\ salistaclorv method "j c.uculaling the area that, should be 
given to bearings of (lin'erenl kinds lias iM-etnlevisiHl, ^\e give, in the first 
])art of 'fable the loatls per .Mpiare inch wbii-h are generally 

considered s;ife to us<\ This lalde uill Serve U) show iunv greatly the 
admissdde load va-le.- .n <lillerent eaM•.^, and may he Used with eonlidenee 
if due aliouaiice l»e hiade for r,'ws in .liicli spee<! is exeessi\e. The 
figiires for ordnairy iwaniigs for shafting in the second part of llie table 
are oivei! on the authority of <1. V. Chanmck • 


T\m.H }i(*Vl 1.—AnMissinr.K Iao\i>s on IIkaiunos. 


I lesci'iiftnm 1)1 Jiciii uik. 


Hard s!i-el )s-aringson wbieli (he hiad isinternutleiit,such 
as file crank pin- of slieanng maci.ines^niid wrist pins,. 
(’rank ])ins <ij heav^ locomotnes, at starling, 

(Jraiik jiiiK of heavy }iM'oinoU\e.s, at hO miles tier hour, 

J>ron/.e muss-licad neck journals,. 

(-'rank ]iii^ of large slow engines,. 

Crank pins of nianue eugiiips, . • . . . . 

Mam crunk-shaft lM*aring^, shm marine, . . . . 

Main crank-shaft hearings, fast marine, .... 

Hallway coach journals,. 

Flvwheel slialt jonruals,. 

Small engine ♦rank }nns,. 

Sm.dl slide bloc.ks, marine engines,. 

Sladonary engine slide hloek,. 

' Stationary engine slnie block, nsually, . . . . 

ih'ojieller thni''t hi*anngtn . ...... 

Siiafls in ca.'t-iron stejfs, high s)H*ed,. 

t> 'diuary hearbigs for '•hafting 

WrongiiL iron nn east iron,. 

Wrought non on gun-metal, . 

Mild steel on cajjt iron,.. • 

iMild steel on gnn-nietul|. 

Mild steel on white-mHal,.*• 

Cast ^ eel on gnn-iuetiil, ...»••• 


l>t>!Ui ill I))S 

}».'i uiiiiure iiicli 


I 

; 1700 

i liiOO 

, -too hOO 

‘ flOO 

j 100 
I :ioi)-io() 
I 150 - 2 (M) 
I 150-200 

I ]l)0 

25 -125 
, ;iu t;o 

50-70 
i ih 


! 250 

; ;ioo 
i :joo 
j ^70 
500 

I • (K )0 


ill tin; case of ' !anc surf:u:es, tlie conditions wliicli detenninn tlic 
frictional ronist^vocu^' arc liy no moans so m.'ifonn as those which 
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(lL‘U‘riiiin(|' tlii' I'rictidii of cylindrical Ijciynj^. Indeed, the relative 
jior.ilions of tlie moving surfaccK, ertjn in tlie case of pivots and collars, 
vary with the direction in which the load acts, ami the, sustainino 
power of the tilni is tlicrehy greatly uffectwh lint, even when the 
oondititais are most favourable, the load they will carry, exeejjt at low 
speeds, is oidy 00 or "0 Ilia, per S'lHare inch, and even with such 
loads the rale of wear depends largely upon the nature of the 
ruliliing siirfaees and the i|U.alilyof tlio liihricant, 

■ Fit of Bearings, -lii'ihliwj of —AVherever possible, sumo 

end [day sliunld he gi"en to the hearing liy making it ratlier shorter 
than the neck of the Journal or spindle. The faces are then free to 
move over eacfi other in a divnetion at right angles to the cirenni- 
ferenee, and grooving and uneven wear are Iheielij^-prevented. In 
nearly all cases wliere an attenijit has been made to prevent„this 
lateral niotion of the brass by making the journal smaller in ilio 
centre than at tlie ends, the device has had to he abandoned, cir¬ 
cumferential grooves having wen produced, and the proper format ion 
of the oil pressnredilm prevented. 

When the brass i.s semicircular, the whole of its surface should not 
be allowed to come in contact with the journal. The metal slionld, 
he cut. away .somewhat at the siilcs, so that tlie hearing area .sub¬ 
tends an are of 4,h°, or less, on eaeli side of tlie line along wliieh 
the load acts. This ynahlc-s the lubricant to get with greater case 
to tiiat portion of tlic surface which has to carry tlie load. 

Light hi'as.scs arc particularly to be avoided, hiot 011 I 3 ' do tliey 
leave little margin for v^ar, hut they arc apt to become distorted or 
fractured through the crown, just where the maximum load i.“ carried, 
and wlicro the oil prcssiirc-fdm forms. When such a fracture exists, 
the oil escapes tlirough it, and the carrying power of the hearing 
is greatly rodueed. The load also pinehes in the nides somewhat 
and destroys, for a time at least, that diffcrenc'’ heiween the 
radius of the brass and the journal upon which ellicicnt lubrication 
depends. 

The harder the surfaces in contact, thetmoro accnralel}' should 
they fit one another, for it is not until the faces are everywhere 
brought by wear to witliin a few thousandtns of an inch of each 
other that good hibrioation can be secured. Wiiiite metal* on the 
other hand, are easily worked to a (.easonable Ht by hand, and soon 
wear to a perfect face. 

In the case of shafts and spindles the lit i^hould never he a tight 
one; enough oloar&nec must lie left for an< oil-film of suflleient 
thickness.' Some ongme makers leave a cle-'ranee of O'Ohl inch for 
each I inch diamettr of shaft, when thp diameter is n(/. less than 
I iiicli or greater than 6 inches. Witli this clearance, tlie bearings 
. will not run hot wtieii new, and soon wear to thatycondition which 
give.'! the best results. ’ ' 

To obviate the evil eileets of stnvns resulting from tin;, stresses 
macliines have to hear, long hearings sliould he so made as to have 
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freedom to move «:lii tlio sleifl jia it d.'ilects, (itlierwise tli. (jressiires 
are apt to I'ccoinu exce.ssive at tlie ends. ^ 

Kvoii vheii the workmanship is fRod, it is well to rii’- 'liciuucdiine 
in tlie fir.st nistai.« at a nioderato speed and load. This einildus tliu 
hearing' suiTacos '.o lied theni.selv's top'other pn perlj and assuino 
those curves whica arc the natural norkiiij' ones. 

Workiiiinmliip .—Owing to a want of aecnracy in the lit of lathe 
spindles, and the spring of the. eentro.s when heavy and hailly-halanoed 
work i.s being turned up, it frequently hap|)ons tiiat erank-sliaft.S| etc,, 
are made, the Ljaring surfaces of whicli are not truly circular. 
J'lxcept in rare caae.«, this want of trueness i.s sure to.cause hot bear¬ 
ings and give endloAS trouble. Indeed, however well a machine may 
be designed, If the ])art..s be not aecnrately machined and properly 
put together, so that the contact surfaces shall slide or rotate 
accurately in their bearings, not only will there lie undue friction 
and wear, lint excessive strains will be ibrown on portions of the 
machinery, and muuerou.s failure^a from overlieating will be the I'esiilt. 

To obtain anytliing like tlie elliciency and output which a maeliine, 
siioh a.s a .steam engine, may be expected to give, good workman 
stiip is absolutely essential, for want of accuracy of lit, and defective 
lining up, tlirow upon eertam jia-tioris of Die engine loads wliieli 
the drauglitsuian never calculated they would have to beai-, and the 
ef!cct.s of whicli the engineman liilds it inijxissible to eoiiiitemet. 
This docs not give the machine a chance of getting into tliat condition 
ill which the friction is almost wholly due to the viscosity of the 
luliricant, and only slightly due^o the actual contact of the metallic 
rubbing .surfaces. 

f/ic S«r/(7ce,s.—Lubricating lilms are so very liiin that 
to allow of their proper formation the nibbing surfaces must lie 
exceedingly krne and smooth. To bring them into tliis condition 
before they are put to work burnishers are frequently used. The 
liurnisliiiig rolls are pressed firmly against the surface of the journal 
or other part, and produce a very excellent riilihiiig surfari’. When 
the material used is wiAiiight iron, steel, or even brass or bronze, the 
eompresaioii of the maUl cjuiscs it to llow under the burni.slier and 
beconio very much harder. Indeed, the surface hardness jiroduced 
may h* comiinraMo to that resulting from drawing wire tliroiigh 
dies. Such a hard bright .siyface will wear iniich better than an 
annealed one, and be less liable to tear or seize. 

JiJndimd Beaiings.-f-h is now beconiing the practice, wherever 
possible, to carefully qirotect all ruhhiiig surfaces by enclosing them 
in dusc-proof cases, wh’ch shield them feoni grit and dirt. Too much 
attoiition aqiiriut lie paid t« this point in the design of all kinds of 
machinery, hut jt is essciiiial that the chamber in wliieli the muvdiig 
parts arc place^l .riould be fitted with ojieniiig.s which’ admit of free 
.'■cess to all the lieifriugs. * 

Chai', and spur gear, e-spcclijly, should be welh])rotectud. Cycles, 
for example, have all such parts, made as dirt- and dnst-[)r*of as 
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])<)Ssil)li- be.-irinj; Burfac^s arc fclicrel^y oiiabled tii worli frccdy 
on (>ii('b otlior, and tjioir durability (b miicli incroasod. 

Individual boariiiKs, sucli as axle-boxes for railway vebieU'S, are 
also made dn,st-|iroof; for now that oils which will not serionsly ftniii 
or beuoiiie acid i:an be obtained, Inbricants may be used over inid over 
aji'iin, itrovidod tlmv are kept free from dust and dirt. 

There are nnmerons instances in wbicli rnbbine surfaces cannot 
easily be prcjteetcd from air, w.ater, dust, etc., and in wbieli the 
lubrication cannot but be inijierfoct. As a rule when this is the ease, 
neither of the surfaces is m.-ule of a soft material, as j^rit, etc., may 
become imbedd;'|l in the surfaces of the met.al and act as euitiiij' 
tools. Various hard substances arc bixmgbt intoe-ei]ui.sitiun for such 
puriHisus; for the load to be cairied, the speed ol ruVibiu;;, and the 
presence or absence of jars or knocks, have all to be taken into 
account when selecting a snilalilo material. In some eases tonoli- 
ness, as well as ha.nliie.ss, is of importance, wlidrt in other eases a 
hard but comparatively brittle material will nue the best results. 



Cylindrical Bearings. — Iliinh Ilmrmjx. - axles, spindles, 
etc., are usually .snpportixl by bearbigs winch completely sn.roiinil 
their nibbing surface-s. Such bearings aie eitlier plain bnsbes 
tlireadcd over tin; spindle, or are composed of two jiortions wliicb 
form an upper and a lower brinss. As the weight is on the bottom 
lirasis, the Inbricant is supplied tlirougli an oil-iiolt drilled injhe to)) 
ca)!, and is s])rea(l over the bearing by,a longitudinal groove. MTien 
the shaft is a moderately good fit, the resnlls olitained hy this siniplo 
form of hearing are excellent, for, as .\i!l l^e seen from lig. 1011 
(wliieli is not dinw'u ‘o scale), the umndar s;i!U'B hi'tween the shaft 
and bu.sh w'ill, if the ga|) he,not too large, b" maintained full of oil 
hy capillary forces, .I'.id the eonditions of yorking will ajipyoaoh those 
uf hatli lubrication. 

When tlie load is eonsideralile, the oil-film bccoj^ie.s thin at tile 
point "of nearest ajiproaeli I'li the* oH’ side, the fnbricant o.scipes at 
the ends, does not pro])orly fill tl'.e gay between the npiier Injiss and 
the jimnial, and the lubrication becomes imperfect. The increase of 
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friction tluiH broiijfht almjl, may I)!'sc'iii when ihe up[)eB brasses of 
llio main spindle-hearing of a foot l.-ithe are reproved. 'J'lie frietion 
will tlR'ii.le found to have im-rci.>ed greatly, for tl ■ oil fails to 
propo-ly reach tl,' ‘on ’ side, and tlie hearing .s\irface.s ajiproach eac.h 
other somewhat e! ■sely. 

irnre/i, mvJ dioili —As hearings of this kind have often 

to run for years without attention, they slnadd he I’oristmeled so 
as to retain, liy the .action of eatpillary forces, a small anionnt of oil. 
The hearing of a watch or clock pivot is sliown in lig. 101, The oil 
sink 0 i.s deep an 1 narrow, and hohks a eonsiderahle charge of oil, 
whii'h is prevcntial from spreinling hy tlie sharp angj" formed by the 
edge of the snrroiiioding groove. A portion of the .slioulder is also 
bevelled to f<#m a narrow recess in which oil can he stored. The 
b:y;k ta[)er on the s])in(lle l)clow the collar, and also the ho.s.s on tin' 
'ifrate, are to prevent, as ninch as possible, the oil from s|)reading, 

Mcains fur retaining a supply of oil are idsn provided wlien the 
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pivots rnn in capiM'd jewels. .Snell a hearing is shown in lig. lOfi. 
Here tiie eliarge of ml is retained hy e.ipillary forces between tlie 
two jewels, wliieli aj^iroaeh eaeli otlier elo.sely. One of tliese is 
perforated for tlie pivot, and the otlicr is flattened to steady it 
laterally. 

yVeV fa/.s.- -The'iie.trings or stops used for tlie support of sliafts 
of any size arc, as a ride, loo*" pieces of mctid lield in jiositioii liy 
iron pedestals. Wlicn the load to ho carried is very great, the 
pedestal is placed up*)n a sole-plate, wliieli sejves to distribute the 
loud over a snffieioirtly large area of masonry. It .'dso.KervoB ns a 
inoiiiiB of .adjnstraonl. In .some eiis*.. however, separate hearing 
pieces are-dispensed with f the step then liceoinos a portion of the 
pedestal. When this is the case, to enahle any wear to hi' taken 
up, and also to aeilitate the removal and Ji-ving ol the shaft, the 
I I'destal is lifted ’witli a cap secTircd in position by laiUs and 

^ FrL.on, hubrkatim itiid Lvbiwnnts, in Uomltnjy/'iiy IV. T. Le,'.is, ijp. 
43~D9. 
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pi'djcctioijHf liy rL'diiciii^ t!i(!*tliicknc'ss i‘f|t!ie packiii"' pieces wbicli 
ii'e placed lj('t,\veeu l|(e c!i]i and llie pedestal, any slackness rcbnlting 
fruiii vertical wear can be taken up. Such a simple desip*.i is only 
juitable in cases where the speed and load are small. At one time 
tlie lubricant was netirly always supplied through a hole *111 the 
centre of the cap, and dtstrilmled alonj; the surface of the shaft by 
two grooves which e.\tonded to within a short distance from the 
edges of the hearing. 

The diirerenee. lictweeii the iliameler of the .shaft and tliat of its 
hearing being very small, the lul)ricant, even if a Ihpiid one, remains 
between the sii*f.ace.s in virtue of ihe play of surface forces, k'or 
line shafting and the main lieaTiigs of engines, np n which llie lo.a(l 
is often very considerahle,, the pedestals are always so designed that 
heiirings or .stepis can he re])l.K'.ed with new ones when nmcli worn 

Kven now many very ])iimitivc designs are in use, wlneh not only 
eanso nei'dless waste of oil, but also of powci, for the friction 
coeffieient is much larger than it should he. The sh.aft, in the cases 
alluded to, rims upon a hn'iizo hearing, and W) jirovent the lubricant 
running oh'at the sides, .and being wasted, the latter is only supplied 
in small (jnantilii-s. The [iropcr lubricating jiad or Him is con- 
seipiently unable to form, and the faces are always, to some extent, 
abrading oaeli other. On this aeeoimt, ])urc mineral oils deficient in 
greasiness give but poor results when used for such lieariiigs. 

All improved jKKlestal, shown in lig. lOG (p. 411), is now 
being very extensively u^l. Only a short arc of the eap and 
brass are in contact, or nearly so, with the shaft, the spaces at llie 
sides being oeeupied by felt pads kept moistened with oil from a 
siphon lubricator. With this arrangement, the friotionid loss-'s are 
comparatively small, better bearings even than these are now being 
brought into use. They arc so contrived that the luhrionit is thrown 
over the sliaft is a contiiiuon.s stream, forms a thick lubricating film, 
and is again returned to the hearing after passing into a reservoir 
below. I'lidor these conditions tiic liihrication is perfect, i.n. 
viscosity lias free play, ami mineral oils, with*a sliglit admixture of 
fatty oils, amswer admirably, if the surfaces he of the jiroper 
materials. 

In such bearings the liihricant is in continnofiK eirculatiWii, the 
same charge often lasting for nearly twpdvo immtlis. 

Fig. 107 shows such a liearing, made by tlie llrmsli Kngiiieeriiig 
do., l.td., Loughhoroijgli. Here tlic pedestal Forms an oil reservoir 
b'otii wliicli^tlio lubrie'.iit is raised by means‘Of an endless cliain 
sliiiig upon the shaft, hy wlrich it is kept in motion. Tlie Ipwer 
part of the chain dips into the oil-bath and carries with it 
a thick film of oil, whieh is distributed over the top of tlie slia^t 
through the loiigitndiii.i,' oil-ways^ To prevent the c^l lloiiig thrown 
about and thus wasUid wfion it is expre,ssed at the ends of the 
bearing, splashers are cast at the ends of the jioJestals, to collect 
and return the oil to the reservoir. . 
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Some earc is nceessiry <ii selejjtii-g Jie iiiiiteriiil of wliii',; to make 
the oil-liftiiij,' chains, for the Inhricant is apt to become somowliat 
acid wifli n-^o. h’on, steel, or brass, used ale.io, work ’' ell, bnt on 
no acAouni shonll two varieties of brass or steel bo used together, 
one fois tlie pins ;o;d another for ..he link.s, as they set iij) elcctro- 
eheniical action, which destroys them. 



Fio. 107. 


In this design the Itcaring is a long one, suitable for a high-speed 
dynanio or motor shaft. The bnusses and their e.ast-iron supports 
are hold in position by a ball-and-soekct arrangcinent, which allows 
lliein i>crfcct freedoni to mljiist themselves so as not, under any 
eomlitions, to throw awkward st»iiiis U[)ou the brasses. 



A self-adjusting bearing which h.as some good features has been 
designed by 0. F. Thompson. The construc^on of the bearing is 
shown in fig. 108, A And J!. The step, as will be seen, yi .supported 
on ring-shaped bearing.s or ciillaia wl*eh are turned so that tlie 
surfaces b; which they re* on the plutnmcr-hloeks are portions of a 
sphere. The lubrlciition is eflectcu by an oiling collar,_ revolving with 
the,sh.aft and,di|,ping into the oibwell beluw; the oil adhering to 
tisis collar i.s scraped off, as the latter r#volvc.s, by a spring scraper 
at thc«kOp, anil flows thence siito an upper oil '.veil, from wl'ich it 
passes by oil-ways to the jonmal. . 
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111 tliejuai'iiifi; miuie by TlirtmaH Parkor/TJiiiitcrt, Wiilvcrhainiitnn, 
bIiowii ill fifj. 109, tin? oil is lifted from the reservoir by menus of a 
loose ring threiided on to the shaft. In other caso> ii Ihf .c collar 
takes the place of the chain or ring, whilst some makers of bCcarings 
place a telt pad along the lop of the upper brass, to act as a ktrainer 
for till' oil. The jiedcstal casting in such Closes forms a sjilasbcr 
projecting beyonil the bearing, and serves to collect the oil thrown 
out at the ends and return it to the reservoir. AVhen the speed is 
very great, the oil is iiiihle to be thrown off the ring or eollar, instead 
of reaching the hearing. 

Lascho pointa out that ring Inhricatioii for high-speed motor 
hearings should only be used wiicn the heat pi-odl. eil by the friction 
can lie sulliciently c.arricd away by the mctallie parts and by radia- 



Km. 109. 

tioii nr water cooling. In other eases, forced lubrication (see p. 409) 
should he employed. 

\Vhen the shaft is heavy, it is well to mal e the lower brass rest 
in a eylindrieal .seating concentric with the sliaft, and to prevent it 
from rotating by suitalily shaping the liearing surfaces of tff>! brass 
in the e.iiji. This enables the lower Idass to be removed by merely 
turning it round when the shaft has been lifted only a fi’iuition of .an 
inch. »- " 

In .some in,stances, the direction in which the load acts ks not by 
any means a vertical /me, owilig to the strain’of a belt or some other 
lateral force. The dividing line between the brasses shoiAd then be 
lit light angles to the direction of the resultant jiressure on tlie 
journal, and, therefore, MOt horizontal. , » 

The prilctico of making Slio brasses in tiiree or more pieces is some¬ 
times resorted to. As it enalile.s the it-ear to be taken up .dtliout 
removing the liearing pieces. In ‘many eases, however, the division 
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between the sc'pAratc piocc'i allov^s tl.c iubricaiit to cscape'jnst where 
the inaxiiiHim pressure of the supporting film siniihl he, whilst in nil 
f jeh cuses'the siuMuniug power is reciueeil iind (,lie friel' . i eueffieient 
inereaseil. When tliere is only one brass the shaft can move into 
that position whie'i lias been sliowii to give the lowest eoeflieient of 
friction; but wlien the bearing consists of two or more separate 
pieces of metal, each bearing ]>icce niiist bo free to move somewhat 
and adjust itself so as to occupy its proper position with regard f-o the 
shaft, and each ‘on ' edge must he proiierly lubricated. Wlion such 
adjustments cannot freely take jilacc and the load is considerable, 
the bearings givi a higli coefficient of friction and e.as'ly run liot. 

Kor liigli speeds it has been found advisable to make tlie bearings 
of large area, and cast iron is then often used, for tlic loads per sipiare 
.tpeii in sucli cases are small. 'J'lie longer the bearings, tlie mon> 
necesjiary does it become to comstniet them as shown in ligs. 107 and 
It)}', so that no undue strain shall 1«! tlirown upon their ends if the 
shafting slionld he bent or somewhat out of line. 

Abiny liigli-.speed bearings .arc now not only fitted witli two rings 
or chains slung on tiie axle and rotating with it so as to pick nji tlie 
oil, Imt tlicy liave al.so small oil-pnmps, driven by a cam on the axle, 
w'hieli deliver the oil on to the hearing in a constant stream. Such 
extreme precautions against the possibility of a failure in the proper 
supjil y of the lubricant are by no means unwarranted, for they ensure 
a low coefiieieiit of friction, and almost wholly prevent W'car of tlie 
hearing surfaces. 

A.cle lio.rex for (Hi— In tlic case of the hearings of railway vehicles, 
the brass or step rests upon the journal, and the load acts vertically 
dowiiw.irds. The journal usually projects beyond the wheel, and can 
be enclo.sed in a dust-proof box fitted with a door at the front to 
enable the em.'.litioii of the journal to he ascertained at any moment, 
lint on some locomotive engine bearings, the axle-hox is placed inside 
the wlieels, and cannot be de.signed on (piitc the same lines a,s‘ railway 
coacii hearings. 

Locomotive driving ai^d trailing hearings are of bronze lined witli 
wliite-mctal, the lubriernt being supjilicd liy siphons fixed above tbeiii. 
in .some instiuieos an oil reservoir is placed in the axle-box keep, and 
a hdirie.iting pad fixed therein, .so .as to press against the nndcr-side 
of the axle. 

The inethod of cutting oil-ways along tlio centre of llio boai’ings and 
making it a good fit atotlie sido.s, which, in the (sisc of liriviiig wheel 
bearings, is eonsidoreef to bo the best practice, is not always followed 
in the c.isc of other hKiomotive engine’Warings, for the driving axle 
has to carij the thrust of*thc piston .as well as the vertical load. 
The groove, by, bt some extent, preventing the pressure film from 
forming, causes,/he cyowii of the be.'^iug to wear more rapidly than 
it'■thenvi.se would do, .and tends to |ircvclit the .side thrust of the 
conneetkig rod from developing fide play. The tracing wheel be.iring, 
on the other hand, is cut away at tlie sides, the arc of eoiitiiet ‘.'icing 
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!)(\,kSO as to give tlic o>. free i}cc(!sS|froni the pad to the crown 
of tlie lieiu'iii};;. Th(j single groove along tiic crown is also sometimes 
replaood hy oil-ways.whicli enclose tin? are;t over which Uttj pressure 
jilni slnmld form. L)eoinotivo engi. o a;vlc-ho.xes which are iilaced 
inside the wheels, and are not fiUo<i with a door to enable 'the ])ad 
to he ('lusily got at and (deaiied, have auxiliary siphon lubrication 
apphaiiees, I’rovision innst he made in niany eases to tale the thrust 
due to the lir.ake hloels l)y inii wug the arc of eontaet of bearings and 
axle (»f sntlicieiit width. Loeoinotive hearings lined with good wlute- 
nictal, and liaviiig an oil-wav aToss the centre of the brass, will carry 
J/o lbs. per si[^ ire inch, the width of the step bidng calculated on an 
arc of about 'JOl . 

The most satisfactory tender aii<l bogie axle-boxes are* cou.structod 
upon the lines of those u.s(!d for the coaching stock, drawings of seme. 
<if which will now he given. 

I''(ir railway vrdiieles which have brake hloels'Ui both sides of the 



wheel, and arc. thendbre, only subject to slight lateral pressure, the 
host practice is tcj ‘make the are of conhict short, tlie brass long in a 
direction jiarallel with the shaft, and to supply the lubricant by means 
of a ]iad prc.sscd again.sl the under-side of thd journal. 

An a.xlc-liox of this kind is shown in lig. JIO. Here, the lower 
portion of the box forms a reservoir for the oil, into which thick 
cottcin wicks hang from the piul. The oil rises in'thc oapilhhy pores 
and Iseeps the [lail and journal well m%isteued. The brass is a loose 
piece which, by lifting the box a short distance from the axle, can be 
taken out and eximiined when tlie door at the,front is open. No oil 
grooves or holes of any kind are cut in the face'of this brass, as tliey 
would more or less pj’cicnt tiiCprassurc-film'rrom forming properly. 
To prevent the oil from escaping from the box, and to ka*p out dust 
and dirt, the door is made a good lit, whilst on the inside the axle ^s 
gi-asped by wooden sluiUei'S slidjpg in gi'ooves. All (he oil exprc.ssed 
at the inside edge of the biVas passes into the small auxiliary roservwir, 
and is picked up by the disc ti.xed to the axle and transferre.1 to the 
hoaiu g by a wiper. 
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Owing to the file tliat tl'cac boxes aro kept cool h)' be'tij, nrought 
into cout'Kit with iho open air, and that tliere is a good di>al of 
vibration and varialion in the direction and intensity of the pressure 
between the surfacethe bearings can be made to carry heavier 
loads thlin can stationary bearings of similar design, ninning at 
equally high speeds. 

In this country it is the custom to make the steps of bronze, and 
to lubricate with mixed oils. It would seem, however, that when the 
bronze is re|)lacod bv a .suitable wliitc metal, pure mineral oils can be 
used and a great saving eflected in the eo.st of the lubricant. The 
customary load put upon bearings of high-speed vu' ides is about 
200 lbs. per sq^iare lueb. Itoxos of this doseription, wlicii used for 
locomotives and their tomhire, work most satisfactorily whim the 
sprieg rests upon an indejicndent plate interposed between it and 
the axle-box'. This plate is so guided that the axle-box may move 




independently of the spring and thus prevent irregular strains heiug 
placed iqion the bearing. 

Greasf. JJiij’c.t .—A fluid lubric.anl is only, as a rule, used for the 
axle-boxes of (piiekly-ni^ving veliieles; for wagons, grease is often 
preferred, Iho frictionid resistance at starting being smaller xvitli 
plastic lubricants than with fluid ones. 

A gre.tse box, hlllis’ patent, sneh as is u.sed on mineral wagons, is 
shown in lig. 111. In some ri .pccts it resembles the box used for 
oil, but differs from it in the important particular that the lubricant 
is supplied through large boles near the ends of the bearing, the 
melting noint of the grease lieing such that if the bearing becomes 
a little wmin the grease becomes fluid, and finijs its way upon the 
journal. * 

Spi7iiUe iffluririw.—I’arsons has introduced a very ingenious 
beari’-.g for shaf naming at sucli ^xtreinely high speeds as 9000 
rev jlutions per’minute. It is impossibK' to balance .such ijiiiek- 
ruuuing .diafts so accurately i,hat the centre of gyration shall 
coinnide with the centre line of the journal. To previmt iifidno 
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4]8 T.UliRlCATIOK AND LUl^RICAKTS. 

lirossiiro hcMiig put upon thi5 lii-araig, awi also tlie vibration which 
wmilil result fronu inakiiig the sliaft a somewhat loose fit, the 
inventor throaiis upon llie sliaft—one upon tlie ol-iitr several 
Inislies, tlie outside one of which fits the )ieiiestal easting. I’etwoen 
each hush oil-lilnis form, wliieh, h- th-ir viscosity, damp* out all 
vilirations. All the linshes need not he free lo rotate. Tliese 
hearings are often used for the shaft of Parson’s turlio-motor when 
the speed is high, the oil fieing su[)plie(l eontinuunsly to the hearing 
by means uf a pump, wiiieh keeps up a constant eireulation of oil. 



Fill. 112 “-Kiiij,' Spindh'. 

The iiearing surfaces of moderately high-sjiced siiindk.s are nearly 
always coned, so tlvit. .any wear can he taken nji hy moving the 
pedestal oc spindle laterally, and the surfaces upon wliich the 
apindlos rim are oftfin made of white-mclak' The, best spindles are 
obtained liy shaping them from hard rolled bars ef sleef, the metal, 
in’ this state, being Hexible and of very even texture. v 

Tlie ring spindles* used in (.textile mills fwr spinning the-^finer 
counts of cotton and silk'* run in a tsith of thin mifieral oil, which 
eiiahles speeds of 10,000 revohitiiJns per miniUe to behittaineii. 
Kig. lltJA shows the eonstructioh of a ring spindle of the ‘flexible’ 
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typo maimtacturod by Moi'sis. I’latt l>f-03. it Co. of 01.11.,a.ii. The 
stool spindle A, to wliioli are liniily .ittacliod tl 3 .sloi"- i'., tho oiip 
G, whioli ho'J.s ti " bobhin, iind the whivrve l>, which roccive.s the 
(iriviiio land, roUf 'B ill a perforated tidic or holster K, in the hnlstcr- 
holdor 14, which ,s fixed to the rail of the s]iinniii<; frame. The 
brass oil-tnho K, coiitainini; snilicient oil to nearly till it when in 
position, is inserted into the holstor-iiohler from below and secured 
by meaiLS of the cast iron not, 1 j, and a leather washer. The oil 
entering the tuhdar bolster through the perforations keeps the 
spindle perfectly lubricated. The. detachable oil lube uniibles the 
dirty oil to be emptied out and the tubes to be rcpieiiislied with 
clean oil whilst the spindles are running, and without risk of soiling 
the yarn, boliliiii, or rings. Tbi.s only requires doing once every 
three or four months. 

,\nothor paltcni of ring Bjiindle, inaiiufae.tured hy the saiui' finii, 
is .shown in iig. lldll. In lhi.s tyjie of sjiindle the luhricant is 
supplied through a front oil spout, which also can bo lilled or 
emptied .as the spindle runs. 

/.(«»’ Loo.se pulleys, as a rule, are merely hushed with 

bronze, and run upon accurately turned shafts, their lateral motion 
being prevented by tlie fixed pulley on one .side and a collar on the 
other. Sometimes such pulleys are only supplied with a drop of oil 
occasionally ; in other instances they have screwed into them a small 
oil-cup whicli fceils very sloudy. 

Smith’s self-oiling ])ulley is shown hi fig. 113. The Imss of the 
pulley is made of siifticieiit diamefer to give room for a large hush, 
W’hicli is ehamliered externally, .so that, when in position, it provides 
a large .iimnlar space for oil. The chamber ks iiiternipted by three 
perforated ribs, which serve to carry the oil round when the pulley 
is in motion, afld to stiircii the bush. l<’rom thi.s cliamher the oil, as 
it is carried up, jiasscs to the hearing Ihroiigh a nuuilier of radial 
holes hi the liiisli, being ])reveiited from escaping at the eiid.s liy 
two circular groove,s having oil-way.s eoniieeting them with tlie oil- 
chainher. The jiortiou of the shaft iqioii which the [lulloy runs is 
tlms regularly and antonathtally lubricated, and when supplied with 
a nou-gmnmiiig, f U'ly neutral luhricant, only needs occasional 
atto’dion.' 

Variabh’ Luad /?ert/-mys. —tnuik |un.s, cross-head jiiiis, and all 
bo.arings upon which the direction of the load is iiuickly reversed and 
the bearing Burfaee.s tluweby periodically |iartod, will carry extremely 
heavy leads. In such’casos the lubricant is drawn iii l«*twoen the 
surfaces a., .hey part, whilst the load ‘remains cq) the bearing for so 
short a time that the eil-film is only partially pressed out. lint 
these conditions di not at all times prevail, esjxicially in locomotive 
engine.s, wliich lo start away vvjth a heavy lo.ad behind tlicm. 
The t'Cariugs upon which the iro i or steel crank-pin is jiressed liavc 
ooiiseqii(...tly, in sucli rases, to ho made of vory4iard while im.tid, 
whic.h will not aijuecze out iimlcr the great pressure put upon it.* 
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U iiiil' triiot be ussiiiiicd, li(4«ever. that tlio pressure on the eiaun- 
piii is itK’iisurcd l)v tiiat of fhe steam on flie oiston, for, at ordinary 
riinninp' speeds, the inertia of the moving part tends to ennalizc the 
pressures on the pin very considoraldy. • 

The load on a cross-liead pin may be made nuieh greater t4ian that 
put on a crank pin, tlie angular motion of tin cross-head and, there¬ 
fore, the work done upon it, hoing miicli si-iaiie 
A method of luliricatinv tiie hig-ends of locomotive eonneeting rods 
is shown in fig. 114. Sneli big-cmla seldom run fo" more than two 
or throe hoiii-.s without a snip, and a largo oil ri’si 'voir is not required. 
The oil-iiole i.‘ h,oreiy jil,ige--d viio a mimla' of woi ded strands 
secured to a twisted wire siij)] irt. (Tpim this |i.,ig, the lower end of 



Fill. 113. 

o 

whicii rests ujion a piece of sponge (wciipying a rcocss in the hr.ass, 
so as to ho in contact with tlic crank pin, the oil sjilaslies as tlio crank 
moves. Anotiier metliod of supplying oil to tliO big end, .lesigned 
liy 11. dossop, is sliown in tig. li-Tr Here a loose central valve, 
having a very small lift, is iilaeerl in the oil-hole. Tins valve, c.voept 
at very low speeds, is tlirown from its seat at. each revolution of the 
wheel, and .allows a .imall iptantily of oil to pa,ss to the bearing. 
Such contrivances Imve 1)007. found to give ■■cry good results, as they 
do not easily liecoihe elioked with scdimCnt or gum up,.‘ 

•Till.’ liilirication of the conneeting-rod liig-ends of high-sjieod 
stationary ongmc's, wldeh li.ave to work many hours witliout stopiiing, 
is geiiei-aily efi'ectod froiiF'a fixed reservoir whicTi supplies oil to.the 
bearings as tliey-votate. A commc.i ajipliance consists of a ring- 
sliajvd clianncl rotating conccntrde-illy with the sliaft. Oil dropped 



TIIK design aSI) lubkication of bearings. 


421 


inside this ring ia thrr .n l,y cenwifiigal force into a pipe arfiuigcd to 
deliver tlio oil to the nearing through a hole drilled in the ei'ank pin. 
Another plnn is to fi.v a knife edge above the connecting-rod Inbri- 
oator, in aueli a position that it .strikes an oily pad once during each 
revolution, and wipes off the oil with which the jiad is moistened. 

The eccentrics of steam engines work under much the saino condi¬ 
tions as the ci'itnk lins. Owing, however, to their large diameter, 
the velocity of rubbing is greater, and Ibey will not carry sneli heavy 
lo.ads. 

The reciprocating motion of an jccentricis generally so small, even 
wlien luiimng, tlial ordinary siphon oil cups are easily filleit by liaiid. 
When, liowev*!', tlie. speeds are great, the oil is led through pipes 
lei’diiig IVoni siphon luhncal.ors to wipers. I’he eceentric straps of 
leci.molives an’ usuallv made of steel or iron lined with whitc-iuetal 
whiclf works ujioii cast-iron sUeaves. 



Fio. 114. Fill. nil. 


wifk Jiir.ljmii'athifj many cases pins have to 

carry a steady load, and the surfaces only move relatively to each 
Otlier through a sm.all angle. In some inslance.s, the load that can 
with safety ho iml upon the hearing is only small ; a greasy lubricant 
must., therefore, he iisei^.uiil the surfaces hardened. The .slow reeipro- 
cating motion of tho surfaces, and the constant ])i'esKure upon tlicm, 
tends to expel tlie oil from tho faces rather than to draw it between 
them. Snell heari 'gs are by far the mo.st dittieiill to lubricate and 
keep in'iirder, esiiecially if every care lias not liecii taken to make 
them of such metals as will ivorK well together. 1 f tlio oil he supplied 
by one groove running along the side opposite to that wliicli carries 
the pressure, there is^vory little chance, of its .being able to spread 
itself i. .’or llic rubbing surfaces. Twm pirallel grooves, wie on each 
side of tin. eontre line oi the load, not Very far«apart, and arranged 
80 that all parts of the .iurface shall he exposed to the oil resting in 
them during soil< portion of the motion, serve tlioi*' jiurpuse most 
saluilaetoriiy. ■ • • , 

Plane Surftfte Bearings.—The iirincipal forms of hearings d this 
description are slide-blocks, eoli.ars, and pivots. " 

Sii'le Blucks. —When it is necessary to so constra’ii a moving ^i"ce, 
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or !iiiy of it, t.liut Uie motion slinll ho one of tniiislation only, 
straight guiding Biirmoo-s krmed slides nml slide-)dorks are generally 
usorl. Parallel lirilc-motioiis, although they give a much smaller 
coeitiuieiil of rrictiim when new, arc more complicated, and the oHects 
of wear are mit so Oiusily allowed for. 

The loads at wliieli oil pres.sur(!-films can form on plane surfaces 
lieing otily moderate ones, slido-ldocks are generally of east iron 
working upon cast iron or steel. Tin' .slide-ldoeks are, however, 
•sometjines lino<l with gun-metal or white-metal when the speeds are 
great. In America, chilled east-iron surfaces have Iieen introdueed. 
The eliilling is cU'eeted in diagonal strips separaled by e([nally broad 
spaces of soft metal. 'I'liis gives the surfaces thai degree of uneven¬ 
ness whieli enables the oil to he trappinl and so keep the surfaces 
apart. (»il ways may he cut in long shde-hl(«;l;s .so as to dislriinilrj 
tlieod <iver tlie surfaces and euahle it to reach the edges ; hut (is tlic 
latter, if propm'ly cut, do not ipiite reach the edges, the oil cannot 
readily escape. 

'I'lie loads carried by slide-blocks range from 20 to 1'20 lbs. ]ier 
sipmre inch, according to the sjieed and the nature of the rubbing 
surfaces. At the lower })res.sures, east iron works W'ell upon east 
iron, hut when 100 Ihs. jicr siinarc ineh is reached, gun-metal or 
white-metal upon hard steel must be used. When the load is light 
and the lubrieation good, the wear is very small indeed, especially if 
the slide he a horizontal mic .and able to retain the hihricaiit. 

Kngine slides are usnaTly made ])lauc, Imt when tlie crank is not 
a lixtnre it is well to form the slides so that tlieir surfaces are con- 
eentrie with the centre line of the cylinder. 'I'he cross head then 
lias fri'odom to rotate with every ehange of angle of the crank sliaft. 
Tlie lubriciition of slides is best eH'eeted by siplion cups nr other 
ilroji-feed coiitrivanees, placed towards the ends of <iie liars, where 
tlie hloeks pause, or only move slowly. 

■As a support for |iiston tail-rods, .\les,srs. Alusgrave & .Sons liave 
introduced ISiickley’s device, which is a shyave rotating in an oil- 
hath. The rod rests upon the sheave, ;ind the load is carried by the 
pin upon which it rotates. 

0<il/iir lirariii(/<. — Collar-hearings, unlike slide,-blocks, wdiieh only 
serve as guides for moving par's, and,only have to bear inturniittonl 
loads, have, as a rule, to carry the thrust resulting from the weiglit 
of heavy shafts, or that produced by the [ircssiire of the water on 
tlie blades of a screw'. To on.ahle them to caify the lieavy weights 
tliis entails,’ the are.is of their (pbbing surfaces must be large, for, if 
the faces are not t.iiaetnally rub agaims^ each other, and are to ho 
separated by a viscous lilm, the loads per sipiaro ineh mn.st he small, 
AVith tlirust oearings, and in cases whore it is important that hic 
efficiency should he high, ihath h hricatiou is re.sbrtcd'to. 

'I'ower’s e.\[)eriinpiits on collar f^'ietion were made wit.h very 
inijierrecl Inhrication, only just sufficient oil being supidied'to keep 
tlie surfaces from sei'/imr Hndi'v sateli efmdit.ions it .a-nnears that 70 
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or SO lbs pe)' sijuaro iiicli is tlje '-UmosI that caa lio put .ipwi sucli 
it l)cariHg with safety, ana wlien tli? spccil is p'roat even siuallcr 
loads tliiui those oiust be iJso<i. 

Tlio eolla)'s which carry the loads in drilling inachinos, lathes, etc., 
have S'lJh heavy h .ids put upon them, that to prevent seizing, the 
surfaces are made of the liai'ile.st steel, have niunci'ous oil-ways cut 
in them, iind a'c lubi'icated with good fatty oil.s. Small beai'iugs 
with hardened faces, su'di as the sjiindles of drilling niachines, 
where the load is *aken oil'occasionally, have steel faces which often 
work under iirossure.s as high .as dOO Ihs. ]>cr squere inch, and, in 
exception.al c.ases, as nmch ;is half a ton per siiuare ine'i has beoi put 
on a collar for .i .short time. 

To ensure tlie [irojicr lubrication of the faces of the thrust blocks 
against*which screw-shaft collars work, the thiust block faces are 
cut a^'ay in such a manner that the collara ai'e c.xjioscd in [daces 
and dip into an oil-bath, or press against !in oihsl [lad. In this way 
fairly [icrfi'ct lubrication is .secured, [irovided l.heload be not greater 
than 70 lbs. per sqmire ineh. However, as the ellicioiicy of a thrust 
lilock at the best is not high, the lieiit liberated is great, and the 
hloek must, when the bearing is a large one, lie ke])t eool by a 
water jacket. 

J'iiiit-limrini/ti. — When the thrust to bo carried acts uiion a 
vertical shaft, instead of carrjdng the load on eoll.ars the end of the 
shaft may rest iijion a eirciilar f;ice or jiivot-hearing. This form of 
bearing [lei'mits of bath lubrication, for the footstej) may be so 
designcil that it forms a vc.ssel which ciin be kcjit full of oil. 

big. 11G shows a bearing surface such as Tower used. The oil is 
admitted through the centre hole and jrisses into two I'adial grooves. 
From lliose grooves the lubricant is carried laitweeii the surfaces, 
and is e.xpellcd by the jiressnrc u))ou the pivot. Tlie track of the 
oil va.ries at dilfercnt parts of the surface, a portion being expelled at 
the edges. This sets up a continnons eircnlation of the oil from the 
centre of the hearing to the margin of the footste|i, and up between 
the cylindrical portion of the bearing and smToundmg Imsli. 

The only reliable o-V) eriments on the friction and sustaining [lower 
of jiivet bearings "-e those made by Tower witli this pivot. In 
the IP e.\j)'!rimeiits are given the greatest loads wdiieh ho found a 
pivot-hearing would carry witiiout actual abrasion of the surfaces 
taking place. For the actual results, sec p. 70. 

F’ig. 117 rcprcseiiU a fooLstc|i-hcariiig somewhat siuiilar to one 
dcsigiit 1 by Ford tvndth. Here the circulation is .as shown by 
'rowe'', 1 ) 1 .^ the ae.tnal bcivring con.sistS o.' four di^iCS of hardened steel 
all perfectly free to revolvc'with the pivot. Through the eeiitro of 
all four washers h drilled an oil hole, iind radial grooves are cut iii 
riio laces. Tin j.as*iges C ciiahlc yic oil to circulate between the 
wa.ihers and the side of the sh.aft. By using four washers, five 
friction ..urfaces are formed, and the lilins arc increased in number 
to the same extent. 
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TliiH CTiiiblcii the temperature of the films to bo kept more uoarlj 
that of the massos'of mebil, and shonbf one become a little over- 
heated aud teud to seize, the other fiices move relatively faster 
and allow it to cool again. As a me;ins of relieving any local 
pressure which might result from the .springing of the shaft, it has 
been .suggested that one of the loose washers should be made eoiivo)! 
on one fare, as shown, so as to fit in a cone,ave face »n the opposing 
washer or pivot. 

When the prossiirc.s c.vcocd 100 lbs. per scpiare ineh, the surfaecs 
must he maile of liurdencd steel working upon a similar face, or upon 
dense east, iisj,” or In'ouze. Should the load per stpiare ineh o.xcced 
.'lUU or 100 lbs., a force ]inmp iiiust he resorted lu, aiiij a c.ontiimon.s 
.stream of tlic, hdiricaiit forced between tlie javot and footstep. As 
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muc.h as 1 ton per square inch can be supjioi'ted !iy I,Ids means 
without any difficulty. 

1‘i.fliKiriiiI /Wliimjs .—The conditions under which the hearing 
surfaces of pi.stoii rods work, although the surfaces are of tiylimlrieal 
form, are very different from those of journals or shafts, for the motion 
is a longitudinal instead of a rotary one. It is seldom that''they are 
used as guide,s, the load on them befng restricted to that resulting 
from the devices used to take up tlie wear and keep the joints steam- 
tight. It is tlie 8lid»-hIoeks and piston head «’hieh should bo made 
to act as <(uidcs, and if these be not aecnr.alely lixod in line, or 
become a little locs(},by weaf, the packhij' will blow, unless it is,made 
free to move laterally with the rod. ’■ 

In fig. lid.is sliown a form of raotaHlc packing, known as^tlie 
‘ United Kingdom Meeallic Paeki'iig,’ which has giveiv'ood results on 
loeomotives. Split rings of white-nieUd, of triangular .section, lare 
held in a brass frahie, wdiich is free td slide laterally against a surface 
unoif whieh it is uressed hv the steam and a stronn surine. As the 
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wliiLc-iiiLtal wears away il is knit in contact with tlie »'.) liy tlie 
jire.ssnre of the spring. F<)r such packings to wcrk satisfactorily tho 
lod must ho ([uit true, and free from shoulders at the ends, (lood 
luhricalion is also ■ihsolutely necessary. It is generally sujiplieil by 
means of a small siphon or drop luhri- 
oator to a jiad resting ujion, or even 
surrounding, the piston rixi, which 
is thus kept moistened with oil. 

EoUing Contac'' Bearings.—/I’a/f 
llcariiti/s. — Although under the 
conditions of running which usually 
obtain in jiracticc well lubricated 
plain bcarinjs give good results 
and low coellicients of friction, yet 
imdci; corUun conditions liettcr re¬ 
sults can be obt.'dned with ball or 
roller bearings. The former b.avc 
a very mstended use for all types 
of eyelcs, various kinds of cloek- 
work, etc., whilst recently they have found a constantly (;,\ten(ling 
hold fur use on motor cars of various (lescri[itions. 

The coefficient of friction i.s not alFcrtcd by changes either in the 
load or speed, and only to a very slight extent by the viseosily of the 
lubricant, which only tends to replace solid friction by viscous Iriclion, 
and thus reduce wear. 

Ill all cases where hall h(»irhi^ arc used, it is absolutely imperative 
that there should he freedom from shock, for a smart blow will either 
break tlic halls or destroy the accuracy of the surfaces upon which 
they run. Failure to gras]) thks essential fact led to coiisiderahio 
trouble when,*ill the early days orantoiiiohile design, attempts were 
made to use hall bearings for supporting tlic axles of cars fitted with 
iion-resilieiit tyres. Since the general iiitrodnctioii of piieiiiiiatic 
tyres, which lias coincided with a marked improvenient in the iiiaiin- 
fiicture of hall heariiigif themselves, little Iroiihle has restiUed from 
broken balks on veliieh's. Although the crii.sliiiig weight of a hall a 
(juartf’• itioh in di; aeter is as high as 5000 Ihs., the load it will eiirry 
in goiielal use witlio.it breaking is only about 200 Ih.s.; the critsliiiig 
load is pro[wrticnal hi the sipihre of the diameter of the hall. 

The ball hearings of cycles are arranged to ho ns dirtjiroof as 
possible, and frequentjy are provided with an p>l liath, these precau¬ 
tions . llowiiig the hearings to he kept clean ami well supplied with 
the luuil^.mt. The ha'ls run on coiihd**!. rfacesj so designed that any 
wear can f e taken u;' hj later."l adjustment and an accurate fit 
seenrod. The hall paths iil hicyelos are usually made eoiieave, 
their radii heiov so^iowliat larger ijiaii that^of the nails, the latter 
having .wo puffnU of contact. When the'distance hetweun tlie races 
is earcf’illy adjii-sled, and the* halls are aceuratc>ly centred lietween 
the faces, the frictional resistancewa that due to rolling only, a«d the 
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pressiii'i;'Bi lialls is iiim'Iv Uiut diif to the loaii. IT, however, a 
iiearin" is hadl v (ies'!i;iu>(i or made, and tifc balls work slightly out of 
position, they jam, and tlin load upon them, and consgijuently the 

friction, increases. Fif'. 119 
..hows a hicyele bcirilift with 
three pui)its of contact, hut as 
a rule two only are employed, 
.although tin) type shown pre¬ 
vents any ])ossihiiity of the balls 
becoming displaced. 

M'ith motor car work no 
moans of aiV|UBtmeiit is usually 
allowed, for it is' realised that 
when eitlier a hall, or Jt;i race, wears, additional friction is likely 
to 1)0 .set 11 ]), and tin; best eoume i.s to eliange the bearing., Tlie 
iu'curaey of workman-ship and harilness of the wearing surfaces is 
so gri'.-it tliat little, trouble is experieiieed in this way. It has 
been I'oniid most advant.igeoiis for this elass of work to emiiloy 
S(!|)arale hearings for taking iiji the horizontal and verficiil loads 
re.speetiveiy. The type used for taking the load of the ear is usually 
similar to tig. 120, whieh ie|ire.seiits the bidl bearing maile 

by Messrs, laidwig, laiuwe it Co., the radios of the race lieiiig, as 
with cycle work, somewhat greater than that of tlie ball. In some 
cases Hie balls are allowed to toueh one .mother, although this is 
impos.sihle in the typc,*showii, as the halls .could not then he 
inserted; the mure usual eiistom,'and the better practice, is to 
keep tlie balls separate, either by placing tlieiii in a cage, or 
separating them by springs and [lads. This was first sugge,,ted by 
Conrad,^ Tlie iiuniher of halls is limited to as iiianv as will lill one 
half of the hearing, which is then as-semhled ,md the lia<ls djstriliuteil 
by inserting' the elastic distance pieces. In this way, all ojienings 
and jiimti. whieli would he iieeihsi for the insertion of a larger 
number of balls are done away with and the [lerfect eoiitiimity of 
tlie raees is not interfered with. Ill order'to take the Iiorizontal 
tliriist, ill some eases a V-shaped race is ciiipjoywl, wliilst in others 
the usual radius sha|)e is used. In motor car construction it often 
happens tliat a hearing has to resist both loail and side thrust, and in 
this ease a single set of halls is ii.)l« satisfactory and a compound 
hearing has to ho employed. A type of this class is shown in lig. 121, 
which represents thi’.nrac!ico adopted by the llullinami Matuifactiiriiig 
Co., who have made a speciality of this work fod some time, 

liitller llfarinijf. In cases«wRerc the load vs steady, hut too great 
to allow of till' use (It' halls, rollers are iflnv freijiiently i*id increas- 
iiigdy used. The great advantage whtch they possess over plain hear¬ 
ings for sonio purpososorises from the small frigtioiiij resistance to 
motion which they olfer at*very iiiw speeds. This is a>ery importr.iit 
eoiisiderution w!ier« heavy stnietureif, such as swing bridges, have 
^ Si'if.a [lajier by H. Ib.a», Jour. Aiiicr.Kioc. Mcch. Eng., vol. xxvii, (190t), 441. 
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to 1)0 moved, or where any lieayy inAhino or vuhiele La.s to bo 
startud and atojjpod fre.)uont]y. ‘(heat Pa'il.’.lhe bi<- '.I’l at St. 
Paul a Catiie.dral, which with its hoailstock weiglis nearly 25 tons, 
has now boon supp rtod s.itisfactorily on rolh'C bearnig's for over ten 


-v pi- d. --fc, 

\ \ i i 1 



Fig. 120. 


yeans, and u. i.s staged that* the bearing is as good, and the bell as 
easily worked, a.'’ hen iirst [nit up. 

Ta addition > ■ ihift.ipplication of yiis class mf bearing to sh.afting 
and sim iar parts of machinery, it has during the past few year.s 
been einploycsl on vehicles of v?i.ions kinds. In or<lor tliat a roller 
healing may work successfully, it w essential not only that the wjllers 
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slumkl l oniarallel in Uiciiiser>res, lii't tliivt then; should he no chance 

\)f tlieir axes heconiing any- 
tliiiig Init pari'llel with the 
axis of the shaft. 

l''ig. 122 sluttvs d liearing 
miiilo by tlio ICmpire Jioller- 
llearings t'o., l.td., in which 
tlic ahove-nietitionud con¬ 
dition i.s provided for liy 
lixing the rollei's in a 
lloatiiig gun metal cage 
which ri.self slowly revolves 
round the .shaft. The 
particidar hearing .si>ov:n 
III fig. 122 i.s for a xiilway 
vehicle, and fig Id,"! shows 
a section of a .similar one 
used on the passenger stock 
of an Ktiglish railway. In 
the latter illnstratioii it 
will ho .seen that the end 
Kic. 121. Jlufimanii lUll Jlaniiig. thrust is takt'li op by a 

hearing plate, and it is 
u.ssential that the rollei's and the shaft itself shall he triu' in order 
that this thrust may iirfE hecoine exeessive, Ihillei' hearings of a 
somewhat similar type are lieing shceessfully employed on tramcans, 
heavy motor ears, etc., and one great advantage which they have 
is the fact that thi'V reipiire very little hihrivation, only sofficieiiL 


j' 

Kie. 1'22.—I'hii)ihi! Itoiler lifainig. 

■ " 

lubricant being needed to prevent tlie hearing's from nisting. The 
lirat cost, and the diliienliny,‘in tlie past, •of preventing excjissive 
end thrust, iiave been the only ohstaclfs prevcnling rfiiis typo- of 
, bcHi'ing from being very extensively fUtopted. ' 

lirtlie Hyatf roller fsariiigs roller i.'^.nsodj which is made 

of a strip of steel wound* into a coil or spring of im'r* 0 !'in diaiiioter. 
The chief advanteges claimed for Aids construction are thiil the 
IlexiUlity of the roller enables.it to adapt itself to any slight 
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irre^uliintios in the journal or box, vlii-Zst the hollow rollc'* serves as 
ail oil reservoir. ) 

The resu’js of a mimher of friction U'sts with, this ioiler hearing 
were g^ven by I’rof. A. L. Willistou, in a paper read before the 
Atnonufii J^u'ciety ol Mechanical Kngineers in 1905.* Ju one series 
of tests, carried out for the purposes of a projiosed iiudino travelling 
roadway, the coeflicieiit of friction of the Jlyatf roller bearings, cast- 




ra;. 123.—Kinpiic l>Garing, 

» 

iron iK'iiriiijiN, ;in(| liroiizo Irciiriiios vircrc coiniwred. In order to 
imil;Lt(,as f:ir as ]i(jssil)l(% tlir conditions of praetico, the shaft used 
in all the tests was l‘ t9i> indies in diameter, tl\(' s])eeds varied from 
12S to QSh wv-olutums ])er minute, tlie total load ranged from 1900 
to 8300 pounds, and tin* same ^rade of madiinery oil was continu¬ 
ously foil to the iii-ariii^'s under a head of about one inch. The 
followiiio' results were olitained :— 
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n '' 'the lnwc8f,,-,pct^l, the cast-ironrtiearings'seized at S300 pounds 
pressure, and’the bronze bearinj's at 3500 pounds. At the middle 
’ Tiviis. Aitwr, Sue, Mreh. ^mjiveent^ vol, xxvit p. 
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spcwl, lii'.'irin^s f>Viz«l ;jt 5900 imhiihIs, At tho bi^iiDst 

spewl used, llic cii.V.-iroii lieiirings scizwi al 5900 [xiumis mid the 
liroiizo hoariuL's at 9500 ])Onnd.s. 'Die roller bearings iljd not seize 
at all in any of the tests, 

111 a fui'Lhcr series of tests at .speeds of 1S5 ami 2iri..rei'()hitions 
per minute, tho frieiion was measured under very much heavier 
loads (up to 29,500 lbs.) Ilian could ho carried by oil,her oast iron or 
bronze plain hearings, and proved that these lloxible roller bearings 
are specially advantageous when heavy loads are oneonntored. 


APPLIANCES,FOB lUBKICAT^DN, 


Needle, Siphon, and Dropfeed lubricatorB,—Although the, old 
forims of lubricators are Ix'ing dispensed with to a large extwit in 
favour of more perfect automatic contrivances, .securing more or less 
perfectly the advantages of hath luhrication, it is unlikely tliat tliey 
will lie di.splaced entirely, for tliere are laiscs in wliicli the eoiidition.s 
of working are sueli that tlie iuliricaiit cannot lie recovered, and must 
lie siipjilied coiif imioiisly in small ipiaiititics. iSlnlo liars and jiiston 
rods are cases in point. Needle, siphon, 
and drop-feed lubricators are largely 
u.scd for these and other purposes, and 
for shafting. 

Tlieamffc luhriraUrr sliovii in fig. 121 
consists of an inverted glass reservoir 
with jierforatod wooden stopper, in 
whieh a metallic needle lits ‘rather 
loo.soly. This neeille rests upon llie 
shaft. Tile np-and down'iiiovi'inciit of 
the needle, caused by tlie rotation of 
tlie sliaft, slowiy causes tlie oil to bo 
e.vpelled from the reservoir, and allows 
its place to lie* taken liy air wliicli 
works up past tin needle, Clianges of 
temperature are apt to cause coiisider- 
ahle irregularity in the working' of tliis 
liiliricatori 

The gijthon luhricainr, as used for 
liiliricating a piston rod, is .sliown in 
tig. ll.H. it emisi.sts of a slmllow 
V(‘s?rvoir in wliioh tlio oil is stored,.and 
-Nmlle Liiliricalnr. ecntral tulfc, leading to tie part to 
be oiled, 'and liaving ks upper orificb 
raised a little above tlv oil surface. Tlirongh if.liis ^ubc is passed 
a wick of cotton or woi-stbd, one end of svliicli is irfhiiersed in the 
oil and the otiier («id iiangs downwiA.'d.s. Ifp tho caiiillary spaces 
lictweeii tlie libres of I lie cotton or worsted the oil makes its way, 
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and passii’i' down tlio lulii', l!>e capillaiies iiilo a nimibcr 

of small siplioiis, whiidi sl< wly drain tho oil out of tlm rosorvoir, 
and thus iFilimate Uio opposing; smfaci’s liclow. The t) '.r/of this 
action is fully desorilicd in the. cliapter on ‘Superficial Tension,’ 
f). 30. ‘ , ' 

Tlio siiiht di-tip-fml hhricaiur (fig. Id.'i), made by Mossns. 
Mather it I’liitt,,' consistB of a sinal! reservoir having a passago 
leading from tho bottom, wh'eh can bo closed 
by a taj) in which is a small valve which can 
be regulated as desired. 'J'hc discharge orifice 
terminates in a i.ozric protected by a short 
glass tube, which i nablcs the engineniau to 
sec the exact Tate of feed. Such lubricator,s 
are liable to be stopjicd by hairs, mucilage, 
dirt, (j(c., cspcci.ally if the valve and outlet 
orifice be at the bottom of the oil-cup, and the 
oil be not straitied. 

A nmihinvd xi(j!d droji-fenl and siphim 
luhrii'alor is shown in fig. 121). The lower 
vessel, M, which has a sm.all capacity, is pro¬ 
vided with the ncccs.sarY number of siplion 
lubes (the one illustrated has three) for con¬ 
taining the cotton or worsted trimmings or 
wicks T. This vessel has a hinged lid 1,, 
which ufforiis a ready means of access for j 2 ''i —Dro)) 

fitting and c.xainining the trinnnhigs; the lid Lnliriralui'. 
is kept closed by a spring. 

The lube conducts the oil direct to the |«tint of aiiplication, or, 
as in the case of an axlo-bo.\, to another oil well of small capacity, 
from which oil is taken by further trimmings to the jiart to bo 
lubricated. Tho drop lubricator, which delivers its oil into M 
through the sight glass (!, consists of an oil vessel A fitted with a 
valve V, whicli is used to regulate the supply of oil from A to M, 
In the illustration, this falve is shown clased. 

T’o open tho valve \, the end of the spindle is raised, and, after 
turning it through "0°, the knife edge at K is allowed to drop into 
the groo>'j wdiicli is cut in the top of tlic adjusting screw 1! to 
receive it. The How of oil fror.. A to M is regulated by raising or 
lowering tho nut 11 until the desired adjustment lias been attained ; 
P) can then be secured liy tightening the nut (!., The sjiring S i.s for 
tlie purpose of closing tho valve wlion the kn'ife edge is released 
from the £'■ 'ovc in tlie top of the iiutfll,' The seat of thi5 valve V is 
higher than- the bottom <1! the lubricator, tin's forniiiig a cavity 
which prevents sodmient from lyfiiiig washed on to the valve scat; tlio 
bell II is provid ; prevent suspended mattens from settling on 
the, valve se.at** A number of air hSies, ()taro made iu tho top of 
the licll. 1 

‘ A. Ilowat, Kng. ItitnatNo. 20206 (1802). 
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Tlic VT,1"C is proviilet! witlPa looij.c pin P, Imvin*; a ball and socket 
comioctioM ; tlie iwdy of tlie pin fits the timall passage lietwecn the 
face of the valv(! V and tlin siglit tidie, llie inotion of the'machinery 

or locon olive to wh'ioli the 
liibi'icalor is fixed" causing 
tlic i)in to vibrate and keep 
th(; passage free and the 
sup|(ly of oil uniform. 
When lining A with oil, 
tlio wn g nut D is un- 
serewe 'mlil a nolo through 
it coineuJes witii the liolc K. 

With t iic o" dinarv siohon 
lubrieiitur tin supply ol i^d 
to tile i.cari.igs eontijiually 
diminislies as the level of 
tile oil in the reservoir falls, 
but with this combiueii 
lidirifiator it is kept prac¬ 
tically constant, and by 
varying tlie numbor of 
strands in tlie trimmings 
the lubricant can lie dis¬ 
tributed to the various 
lioaring surfaces in any 
proportion desired. 

Automatic and Mechani¬ 
cal Drop-feed Lubpcators. 
—Liiliricatnrs of this tyjie 
differ from <tlie .foregoing, 
inasmuch as they are 
brought into action by tlic 
movement of the machinery 
to t.'hich tiiey are attached, 
and they automatically 
coa-so to feed nil as soon 
as the inachinerj' .stops. 

Threlfall’it a’ltoniatir. 
luhncainr for lormnoliiter, 
Km. I'iG.-CiiinlmiiilWglilDrniefcodani] made by Messrs. W. H. 

Siplimi Luhriialo-. liailcy fi t'o., of Manchester 

* (ftp 127) has .an inner 

cliamlier containing'a brass ball with connavo seating, ficading from 
• the nil ri'servoir to this inner chatrflier is a jtassago, terminating''in 
the centre of tile biiU-”ilve .SBvting. Another passage leads from the 
inner cliamber, tbroiigii the shank of the lubricator,'CO the bearing. 
Tlie tube leading f' om the top of the waive chamber to the ti'ider-sido 
of the lid is for tlm admission of air, and serves also for flushing the 
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bl aring witlt oil, if required. Th'' oone'Viilve regul.itos thi supply of 
oil pissing from the reservoir to the viilve clian.lV’r. 

When the loeoniolivo is in motion, the bjill rolls loosely on its 
seating, llins admitting oil to the bearings. When the engine comes 
to rest, Tlin ball remains upon the centre of the concave seat, tbns 
closing the oil-siqqily ])ipe. 

Kig. 12H shows a cylinder biln-icator on the same principle. It 
has a second ball valve it. the sh.auk, the objetit of which is to 
prevent steam from entering the lubricator. This valve has an 
upper and ti lowoi st-a l ing, the hitter having line slots cut in it in order 
to adow the oil to flow past the valve during the e.vlr.'iist strohe, or 




Fio. 127.—Thirlf.iir.sAin.iin.vtii! Km. 128.—Tliivir.ill’.s Aiili.imitie 

Liilirirati.r. • r.til)rira,t.or (Stvam Oylimlvr I'litlrni), 

when St '",m is shut off. When steam is admitted to the oyliuder, 
the valve t.s forced iigainst the upper seating and closes the passage 
conmini'ioating w.th the upper*lull-valve chamber, thus preventing 
the steam front entering the Inhricator. 

Slcphi-M’ ‘Oi'lij/ms’ Ctjhl-fceil. lubriraloi-. mat^i by Messrs. ?>, 11. 
Vickers V .Sons of T/etfds, is illustrated in sectio’n in lig, 1:19. A is 
the oil ch.iinher, into tbo bottoiti of’wJwtb is e;ronii(l a gnn-nietal 
spindle li. .Tn the spinile’arc opt.iiiigs itite* vidiich are introditced 
the screw'plugs K Ity adjusting wliich the oil supply to each of-a 
nnnihor of boanngi^cau be regulated. Tim I'Xae-r afioniit of oil 
wh' di c. ti fill 'each cavity .above Jlio piflg is dischargeri into the 
correspo; ding hearing at each r« .'olrtion of the spindle, through one 
of tiie sight tubes H H, the air tubes K K allowing air to onto* tlie 
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caviticK^iV tliu iuul t:iKc tliQ.placc of tliG oil whicli runs out. 

Oil ciui lie poured I’-owti tlie.sc air ))i)ie.s iiui the bearings, if necessary. 

The sjiindle is rotated liy incans of a ratchet 0 and lev,ei connected 
with a moving part of tiic engine or niaeliinc, and the number of 
revolutions of the spindle can be varied by moans of a movable eye 
on tbe ratebet lover. The ratchet or lever can be replaced by 
friction elutcli or worm gear, if desired. A gaiisc screen, (1, jireventa 
foreign matter in tbe oil from entering tlio bearings. Lubricators of 
tills type eflbet a groat saving of oil. 



Mechanical ‘Pressure’ Lubricators.—Lubricators of tins typo 
supply oil to any part of an engine under pressure, and to the 
bearings. 

Tim ‘ SerpiiUH ’ rigld-fted Mechanical hdicicahir, made by Messrs. 
ScliiifTer & liudonbcrg of Mancliester, sbowri in section in fig. 130, 
ha.? a piston actuated by a rafehet and lever to which ffto-and-fro 
motion is communicated by moans of a double cam. The piston is 
jirovidod witli two slots, a longitudinal slot by which the oil is 
delivered sucocssivel- to the diflerent outlGts^(nnly one shown in the 
figure), and an ohliiiuc slot hy which the oil is'drawn into the hollow 
piston froiii the oil reserv\dn (hiring the suof ion jicriod. In addition 
to the working piston there is a second Shorter one he'd down by a 
spring, which serves to relieve any ducess pressure. The tension of 
this spring can be varied, by turning the spiiidlp projecting through 
the stuffing-bo.’i to suit dffiferent feed pressures. Tiie oil from each ' 
outlet rises through a sight glass, «>f which from two to eight are 
conrected to one lubricator and ifupply oil to as many bearings. 
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Another liihrieator of this t 3 -pc>, aisc,'in.-wlc hj' Messrs. 'li’.hiitTer A' 
Uuilonherg, is Fmii/ic'K vir‘i‘liani<'al liihrifafur, iliowii in tig. liil. 
The -'ateliet wheel is rotated in tiio nsnal way hy e')i,,,,'eting tlie 




h?>i'izoii(al “leclioii. 

Fig. 1,10. ■ Sci'pollel’Sight-feed MreliauiMil Iiahnciitor. 

* • ' 

love” FI -ith a3y miilalilo ])art of tlic dligine. The oylinder C, 
containing a plnngor I\, is rofcded by llic ratcliel wlieel spindle. 
During each revolution of the cyliinler the two ends of the plunger 
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alL(M'niiU'lir-coiii<: in wnituct rt-it.h tin: projcctiiiij end nf tlie pin rt, and 
thus tho plininer isrimivt'd to and fro, prodiioinn a immpin^ antion 
by (vhii-h the <iil is altoniatoly drawn into the eylindor unci forced 



IIiiiiziiMlal Scctina. Vntical Scclioii. 

Fio. 131.—FrankeV Mecliaiheal Lal>ri,;ati)i'. 

i 

forward lo the delivery. I'or this jnirposc tlic cj’lindcr C isjirnvidcd 
with a passage h whiid) alternately connnnnicates with the oil 
reservoir through the suctiou jiassage and with 
( 1 tho delivery |iilie 1) throiA,h the passage d. J!y 

I turning the nut 0 the pin a can be adjusted to 

I vary the stroke of the plunger K, bo as to give the 

i: I I fi rofpnred feed of oil. • 

j" ■ ‘i Grease Cups.—M'hen it is considered desirable 

,1 to use grease as a lubricant, tho Stauffer ‘tell-tale’ 

ji dreasr. ijA ht')”;eator call lie recoiinneiided. This is shown in 

L, ,...i •j*' . I fig.'132. The rate of feed*-is regulated iiy the 

ifj \\j j (< 1 -! 0,,j,the small pistop 1), being forced down 

1 ri' I l,y' (,lic siiring, indicates when it is.,poccssar^ to 

, . ; I f screw down the cylhider A. ^ 

11 1 1 " Pa^d Lubrication.—For the lubrication of journals, 

Fin. 1,')2. woollen ►or fefi. pads, kept inoisteiie'd with oil .and ’ 
presBcd against tlni journal, are now largely used. 
Joufiials or sliafrs should be kept uniformly moist with oil, hut 
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slioiilil not receive sncli a (jiiant’ty a.-i ki lie tliD-wii out i: n.ny oreiit 
volume III I lie eiidu of an ''l■(linal■y pi iloslal or . \le box, and wasted. 
ISut wlieii jirojier means are adopted for preventiiif; iaiend waste, 
tlio pads inny be |i: rlially iinniersed in the hdirieiinUor may obtain 
tlicir aifiip'v of oil Uiroupli wicks wliicii di|i into it. 

Even wlien the old methods of sipliou Inhricalion ai’o ado])ted, pads 
are freiiueiitly u.scd as auxiliary lulirieatni^ contrivances, sinee they 
remain moist for long iutei x.ds of time and keep the beariiip.s from 
becoming overheati 1 in tlie event of the siplion wicks, or oil cups, 
ceasing to sujiply the lubricant. 

iSo uiHpie.stionalile liave been the advantages gain ,1 by flie oily 
[lad system of lubrication, that it is now almost uinversaliy used 
for quick-riiifuiug railway vthiclc.s. Not only i.s the friction kept 
miiformlv low and the consumption of oil rcmarkahly small, hut the 
number of lieated joiiriials lias become almost a vaiii.sliiiig ipiantity. 
(jiiite a number of the lieariugs illustrated in tliis chapter Iiave the 
lubricants .-'.upplied by Jiads. 

Fig. 110 (p. -110) sliows the jimrnal and axiediox of a railway 
vehicle lubricated in lids manner. The woollen pad is atlached to a 
liglit steel fraiiiewiirk iield up against the journal liy means of liglit 
Bprings, and is suiiplicd with oil by means of eotlon feeders dipping 
into a liatli of od at tlic hottnm of the 1 ii.x. in tlie ‘ .\rmstroiig’ 
oiler the pad is made of a mixture of wool and eoltoii, and is 
jirevented, liy means of liyniDii ritm .studs, from becoming (lattened 
and glazed tlirough excessive )iressnre on the journal. 

In place of the pad and stock framework, the lower part of the 
axledjox may be idled with a mixture of liorsehair, worsted, and 
cotton. Tile elasticity of the hair keeps tlie mixture open and pressed 
against the journal, the cotton and woo] soak up tlie oil from the 
bottom of the*liux and snjiply it to the friction snrfacp.s. 

Experiment has shown that the more fidly satiiratod the jiads, etc., 
arc kept, tlie smaller is tlie friction, and that tlie best result is 
olitaincd when the journal actually rovoh'es in a liatli ol’ oil. F'rom 
the descriptions- of liei'raigs on jiages 410 to l.'iO it w'ill lie seen that it 
is possilitc to take advantage of tiic low frictional re,si.stancos which 
perfect lubricatioi gives witlioiil eitlicr iueiirriiig waste of oi! or 
uiuuKi coiiiplicatiou of parts. At the present time, tlie seientilic 
design of bearings can peihr]?i only bo regarded as in its infancy. 
But it is iiuivitatile tliat, as the true principles of lubrieatiiin come to 
ho liettcr understood, the use of solid or semi-i|i..d lubrieents will he 
largely given up, amf fer all (jaljs moving macliuiery the oil-bath or 
its 0 (liiival"Ut will bn a’-aost uni vers,-?lly fed. ^ 

Pump C.' .■eulatioil.— Instead of placing a reservoir lieneatli or above 
oacli hearing, and allowing tlielattcr to automatically’ liiliricatu itstslf, 
the plan is often ailojjied of siijijilyinf^tlie lieari-gs of engines, dynamos, 
etc , in ill engiHe lionsc, from one or more t-aised tanks into wliieli tlie 
oil is pimped from a eomiiion *■ ;11, to wliich tiie lulirie.-uil gravitates 
as it runs off the brasses. By thij means the oil is used ovrt and 
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Dvcr a^'nii*; aiul can be atrafticil, ejarilied, and replaced ns tlesiroa. 
’I’liis method invoU'v's Uie use of a ratber,intricat(! set of sii])])H' and 
return pipes, au<l the boariii.ns iimst be designed so tliat tire waste oil 
may be eollucifd witbout loss as it runs olV Uio sfej)S, slides, etc. 

In I'lir.tiiH--,’ sys/cHj the oil is supplied to the beariijgs tmiiur a 
slight pressure, varying in different instances from a few inches to 
several feet, but which is in all cases just enough to allow the oil to 
How freely through t.hc bearings, from which it carries off the heat 
gouerated by friction; it is then cooled by a tubular (ioulur before 
being returned to them. As the oil is nowhere oxpose.il to the outer 
air, 1ml circuj^ites only in a closed system, it e illecls no dirt and 
does not require liltration, biit circulates over i)nd over again con¬ 
tinuously, the entire supply jmsiiig tlirough the joun'ials every few 
iiiiiiiites. As instances of the astonishing economy of oil iluis 
realised, A. M. .Mattice, in a jraper recid before the American iSoqioty of 
Meeliaiiica! Kngincers,' cited two 100-kilowatt steam turbines of the 
I’arsoiis’ typo ruiiiiing at dGOO revolutions per mnmle, one of which 
used only 50 gallons of oil in six months, and llie other one 5,5 
gallons ; whilst at another plant, consisting of two units rated at 
750 and -100 kilowatts res]K‘cUvcdy, only tliree bTirrels of oil were 
used in sixteen months. The tnrliiuc steamer Vinjiiiiwii, according 
to Mattice, made four successive round trips between Liverpool 
and Mont,real without any addition of oil to her tanks, aial the 
supjily was still not appij^eiably diminished from its initial figure of 
115 im])crial gallons. In tlii.s case the whole supply passed through 
the hearings every four minutes. fThe figures ipiotcd are, of course, 
those fur the turbine hearings only, since the line shafting liad 
ordinary luliricalion. 

Ill Uu' ‘ Jif.llia’ .s//s/c?a of forcetl Inlmadion the oil is pumped into 
the hearings under cou.siderable iiressure. Tite illusliution,. fig. 133, 
shows a liellis & Morcom engine lubricated in this manner. A 
pump A, placed in the crank pit, supplies oil under pressure to the 
main hi'arings, erank-pin hearing, cross-head gudgeon ])iu, guide shoe 
faces, and eccentric sheave. Two sections t'lf the oscillating pump 
are shown. The plunger, closely lilting the ijump barrel, is actuated 
by being attached to the engine eccentric strap. The jiiimp barrel 
is mounted on tnumions, and the oscillating motion imiWrleii to it 
by the eccentric brings the port in <the ciieular face at the bottom 
of the barrel alternately opposite to the suction and discharge jiorts 
in the fi.xeu [KU-tiot of the pump. 'J'he pump is kejit coiitinunlly 
immersed in oil, and Jakes its supply of oil from' the crank jiit through 
a cylindrical .strainer, roTSid iVliich is wrapped fine gauze wire to 
prevent grit and dirt from getting into the hearings. .Jhe delivery 
hraireh of the immi) is conueclod t6 a main supply pipe 1!, from 
which branch ^ipcs are led to nipples screwed,tln-ough the cap into 
the brass of tlio main hSariiigs. The method of flfmvcyiiig thp oil 

' Tninn. Aiiur Ax'Mreh. £«,/., vol. xxvit. p. 46'J; also A’ajHiMi'iiiy,*May lllh, 
1900,^) C21. ' ’■ 
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from tho Liain boariiiga, ami the dlreeti m of flow, are elo'irly shown 
in tho illustration. , 

A circumieronti:-! groove C is turned in the hrass, f'. .1 which .a 
radial uassage D, drilled in the shaft, eonduets the oil to a similar 
oircumftreutial groo e K, in the craiiK-pin bearing; ;J)m the groove 



I'lu. 133»*-T'>cilliB’ Sysloin of Forced Liitiicutioii, 


in the crar.'--piu boariug tJie oil is eoudueted iiy a passage 11 and 
pipe K to die iiiU ‘'ior of the cjos'.-head ])in, and thenee by a siinilar 
a’Taiigenient of i ireuinfereutial groove to the guide aJioe. 

i'he h bricatrw of*the ccceutrio r<41 and A-alve rod pin is dealt with 
on similar lines. Krotn the in^iu .oil-^iipe, a pipe is led to a pr 'ssure 
gauge L reailing up to oO lbs. per sipiare inch, whieh shows^at a 





l''ui. Kif.—Tilslmi’s Automatic Hirccil Liibi'icsitMi-. 


Kiimll ijuaiitity-of oil,, wiiicli has passcil thronirli tlie [uimp, to be 
returned to tlic reservoir.' • 

'I'ihlwt's auftiiin’.ik forrcl hihnn\lor, shown in fig. 1.^4, is an 
ingenious ap[ilian,iou of the Siiiiicjiriiiciplc to liua shafting and other 
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bearings. A is the Cii-st-iron be:i’'mg, N tbc sbafl, (' an eMjii'.rie keyed 
or serewed to the shaft, by the revoletion of wb oh the' puinii pbingcr 
i*' is reeiflroeiitod, Wlien the pbingor is at tbc lop of its stroke, the 
oil in the cliauilK.' I) pa-sses tbrcigli tbc holes (|into the .space 
boncalli the plunger, and is forewl tlienuc by tbc rRiirii .stroke past 
tlie non-rpturn valve 1 and through tbc outlet J into the space 
between the sh.dt and licariiig, wdionce it escapes into 1) or !>’, to be 
piiuijied over and over again. The leather washers iM W jirevout 
the oil from travelling along the shaft and getting lost. 

Splash Lubrication. To secure tbc advantages of good lubrication 
as well as to kec]' out grit and dirt, many kind^^, of iiieebauism 
are completely eiadosed in cases coolaiiiing the luhrieant, which is 
th"owii about by the moving parts, drenching all the exposed 
p'.ihbiiig surfaces, and freely entering the oil-ways provided. In this 
\vay>nol only is the oil nserl over and over again, but [lerfect luhriea 
turn is .secured, ami, as previomsly pointed out, particles of grit and 
dirt are prevented from mixing with Uic oil ami grinding away tin 
rubbing surfaces. 

The eciitrul-valvc vertical engines of Messrs. Willaiis A liolimsoii 
(tig. l.'Sb) have the whole of tic moving parts enclosed in this 
way, and jicrfect Iuhrie.alion is secured for all parts. 'J'hc bed plaU 
ibrms a reservoir in which is plaecKl oil and water. At I'aeh rcvoln 
lion of the cnuik the lubricant is thrown alsmt the upper port'oi: 
of tiie chamber, lubricating the connecting rtsl ends, valve-gear, mail; 
bearings, etc. 'I'hese engines may, therefore, be allowed to nm with 
full load, and without a .single* stop, for more than a month at ii 
time, for the wear is exceedingly small, and all the parts can be Kejit 
well s ipplied with oil. 

l^ertical gas and oil engine.s, including high-sjMied motor eai’ engines 
are frisp 11 % lubricated in a similar manner, oil alone being uset 
in the chambers. 

Steam Cylinder and Valve Lubrication.- Cii/i .—(ireasc 
cups are now seldom, if ever, used for lubricating steam cylinders 
for they are not capalLe of feeding suitable oils with the nucessaiy 
regularity, and it i.s mjw recogliizcd that tallow, and greases cimtaiiiinj. 
vegol..'.le or anim. 1 oils or fats, should not be used in cylinders. A 
onp designed like' a grease cup may, however, be used as a readj 
means of iutroUucing a cbaft;c of lubricating oil into a steam sjiaei 
against tbc steam pressure, and there are in.stance.s, ji'hen it ii 
advisable for this tojjg done. The usual dr.^g'. of suSlda lubriuatoi 
is sl»ivti in fig. l.'UJf T.y oixming the l oiicr tap whilst the lower one 
is closed, the central-globe may iTesf.iTod wjth oil.''i.'n .sbuttinf 
the upperciap, and more or less opening the lower one, the liibrieau 
is allowed to d'-.v into the st?am space below, whilst the steam IKiw; 
into the glo^ , ^ 

,Eosrje M'am'-displacnwnl I has been found mon 

conveiLcnt anu more cconoWiical to replace the above-dcr.crihei 
• simple method by an automatic, contrivance wbicli will feed th' 




uoink'ii»iitii)ii c;:ui ll()\f away freely along Wic bottuiii, aiul^ allow l}ve 
stea.iii to enter along llie npjicr part otithe bore. 

In many of llif.so forms of lubriealor tle-signucl for cylinder work 
the oil is displaced from the Inbrfbitor by the we!glit%f a column of 
water produced by tlie oondeii.sation of jteani from the boiler or steam 
^ .laiiH's Koytioe, Leicester, Patent No. 1337 (18(>2). 
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pipe. Shoulu oiiuiu, 111 Line loriii ni ■unncaior, no a ''I’lioioncy of 
water resulting from a clioe.k in the rile of cnntionsa'/iir, the lubri¬ 
cator luiij ceiise to feeil. When the lioilcr i.s su|ipli«u liy iiioans of 
an inj ,ctor'lur, as ’ ell as water, is thrown into the '|iih'r. Air thus 
introdficod.remains in the pipes loading to the liiliriJ.tor, or even in 
the upper parts of the luhricator condenser, and hy remaining there 
and preventing steam from entering, checks condensation and stojis 
the teed of oil. 

A pipe too small i diameter, or not having a regular slope towards 
the steam pipe, will hceomc choked with the liquid uiii prevent the 
lubricator working. 

d'ho Iloscue iubj'icator consists of^a chamber wliie^i can he titled 



Fio. Hid. Fib. 137. 


with oil from above. Near the top of this chamber is the deliveiy 
])assag which ea. b6 opened or elosisl to any desired extent by 
means of“« valve. < I’liere is also in the centre a vertical tube, the 
upper end of which is closed, »ud the lower end perforated to admit 
water or oil. Upon the ves.sel being filled with oil, the tnl^^ remains 
full of air until the delivery valve is opened, wlv’i, the^i’ ’am enter¬ 
ing tin, lubricator, Hf/air is compressed. Tffe steam then rapidly 
eondenses, and the watm- falls to tho’lHjt. -n. So long Is ihe engine 
is running, the delivery vfTlvc is left slightly 8pen, with the result 
that steam or wa -r slowly eut*rB the lubricator, and the oil slowly 
I'nds its way out. ^Should steam bo shut qt!', the* pressure in the 
lubricai ir is'reiioved, the air expeJids iif the central tube, and a 
quaiitiUi of oil is driven out j. htch serves to kftep the parts lubri 
,oated until steam is again turned on. The amount of opening ivhieh 
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iinist be by Uie driver toHhe delivery valve when the lu'bricator 
in lived (111 a ' muiintf-ive depends iipuu the luuiiber uf steps whieli 
have tn be iiiaiAi by the train, tlie temperature of tlie liif, and tho 
evtent to whiehllhe steam is throttled by the engine reoiilatop. An 
experienued (lri*or van judf'e these points very satisfaetorUy', and 
obtain f^ood results without waste of oil. 

Aiiliiiixilk Kngiui' Vijlimkr -A water-disiihieemeiit 

Inbrieator of somewhat diil'ereiit tyiie, made by ,\les.srs. Sehaffer A. 

Ihidenber';, is shown in hg. IdS, Here tlie 
steam enters by the central tube and tho 
condensed water dis[ilaee, the oil, whieli is 
thus Ijireed out tliroueh the .same tube. 
The valve shown on the riglfi serves for 
regulatin.u the steam admission and oil dis¬ 
charge, whilst the opposite valve discharges 
the condensed water either outside, through 
a tap, not shown in tho ligure, or into tho 
oyliiidor. This lubricator can, therefore, be 
used as a grease cup if reuiiired. It has a 
glass window on either side. 

Kor steam eyiinders, during the last few 
years, sight-feed Inhrioatora liave heen very 
largely used. Of these luhrieator.s, and tliere 
a))r numerous designs upon tho market, only 
a few can he relied uiion to feed regularly 
under all oondition.s. A Inbrieator whiob 
meets those omiditioiis fairly well is that designed by Oitewell.' 

Olliv'clV^ SiijM-freil Luhrirator .—The valve A (iig. 019) eaii he 
opened so as to allow steam to enter from acurient whieli passes from 
the heilerto tho steam jiipc through a T-piece screwcd'io tl,"' nipjile 
II. The steam, condensing in (J, tills the wiiolc of the lubricator 
with water, except tho lower ehamher It, which contains tho hihricant. 
Tho valve A, being left slightly open, allows the water in (t to How 
slowly into the steam pipe, and steam to eiitf-r the chamlier to mako 
good the delioieiiey, in the same way as the,valve does in Itoscoe’s 
hihriealor. When it is desired to feed oil, the vali'e U is opened. 
Oil drops, rising through tho glass lohe, enter the eliainiVr G, and, 
witli the escaping water, pass by tho |1iug valve A. As the oil passes 
away, w .*.er descends through T and rises in 11. 

This lubr'u.ator ha.jpeoii found to work wol^ on locomotive engines. 
I'kir stationary engine work, however, it has boe'ii found advisiv’.ile to 
make some slight aUyratidffisj ' i 

The lubricator may be considered as a ^lioseoe ’ eiit into two patts 
ami fnrnished with a sight-feed dovit^; which uiakiw it more easy to 
regulate. ° ^ ^ 

Decley’f Hiijlii-fnil /yufiftmfoj-.—Ano'-her design-*vhieh will feed 

' A. 1' Otiewell, Kiig. Patent No. 212S)7 (189,t}. 

- K. M. Ileeley, Eng. PvUiitNo. 7281 (1892). 



Pie. Ills. 
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regularry i« shown in secl.imi in^fig. 140. Tiio Iraiioli *■' Is ooiiplnd 
up to llie lioiljr, ami tlio hfaiicli II to .ho stoaiijo/ipo a/Short rlistnnco 



I'l.l. 110 


tfrora the ])oint whore it joins tl^e cylinder stcam-chest. Through 
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LUniilCATION AND LUBRICANj^. 

UlCHC jiijics^^'^ore is a (•.oiisL'uiWlow rjf steam, wliieh can, hoover, be 
Bt<i|i|ic(l by eldl iiif; a eock on tlio iHjiler. , 

To nil the UiViricator, the valve I) is placed in the poaitisn shown, 
and stoiim is tnitiod on for a time. When the lnbri(iator has ‘cooled 
snmev\hat, and liiii reservoirs IC and F and the I'hiss tubo.G dre full 
of water, Dis closed by means of a handle. ISeforu attempting to 
fill with oil, the fitting nmst be allowed to cool (these precautions 
need only be taken when the Inlrricator is new and ipiitc enijity). 
A is tiien unscrewed, and all the water that will pa,SB away allowed 
> to do so by oiicmng AV. Closing AV, the chanibe.r F may then bo 



the boiler, Hero it condenses, and when the upper port is^pen, the 
water enters K, passes down the port icar the glass sight-tube, and 
then up . 1.^0 gauge, glass itself. This current of hot water serves 
to keep the" ..-.brioattor warm—a very neccs^ry feature when very 
viscous mineral oils are used—and also to keepWic glass full of .clean 
water. Thcbil can be sifppVed at any dosiped rate by opening C.' 
U is ca.nscd to How niaiiily by the diti'erendfe in the head /jf the twp 
parts in the side of the [dug D, and'as it escapes , from the nozzle 
into the water, it' forms,drops, which rise up the fuiitre of the glass. 
The rate of feed remains dbnstant, however mncli tffc conditions., of 
running may vary.. 'Phis makes tin lubricator very suitable for 
iMoiiv'tive work. 




THE DEfJv.lN ANH I.OBKICATION OK BEARINRS. 447 

In H\/iV/jeWV (Jiitr dglil-feed Ivhrii‘r)ior, fi". 1 U, ghiss tiibu 
is replaced liy a tliick glas-'s disc A, tl.rongh wbiuh tl i> di' 0 ])s of oil 
can be saen vising up the tube 11. Sliould the gliV/sw disc becnnie 
broken, tlie’olicck-vi.lve C is aiitoinatH^ally closcil by^lteain and waior 
pressufo ackfuig through the passage K, wliich enable.- the lubricator 
to onntimic working until the glass disc can be ro])laced. The drops 
/I of oil which rise up the tube 15 are 

^discharged thrn\igh the ])as.sage L> 
Tj I ' into the jiipo 10, thrmigh which a 

current of steam p,i.sscs from the 

-boiler to the cylinder ■ 

P- j T]ierc arc i|uito a nninbcr of 

1-hi ^ sight-feed lubricators in which a 

[ bead of water is the motive power, 
V - o ' and most of the arrangements are 

^ so specialised tliat they are only 

^ suitable for cerlaiii kinds of work. 

Roj/It’a ' (l/rojirfor,’ lig. 142, 
_ - _ _ -- madeby Me.ssrs. \V. 11. llaileyA', (111., 

^-- -J acN upon a diU'erent principle. 





‘— tl- 



Fio. lii^. ^ 

Oil from the cistern 0 drops info the|cup 0 at a rate regulated 
i)y tne screw valve L, and passing through the valve F is inj'icted 







Fig-. 143.—AVinn’s Piston Sight-feed Lubricator. 
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into tl!^ cylinder it each succo^sH-e ,ierio(l of low p> -.^.ire by a 
current of iiiyh-pn'K'iuro stcan- ^om the mam titt"', jiipe which 
passes til 01 gii the injector 111'A, directly 'nto / i> cvlirider as 
shown hy the arm cs. At the |ieri<iil of hin'h prcsstiroin the cyliiuler 
the valj'c 1< closes ..iid prevents the "il from retiirrn'..'. This hihri- 
oator must be fixea on the encine cylinder and not on the steam-jiipe 
or valve chest. In horizontal cylindens it is best li.ved in the middle, 
and ill vertical cylinders on the top. 

Wimi’f pidim fiijM-Jecil liihi'kaior, fie l-ltl, made hy lilesrrs. AVimi 
& do., i.s a form of dis|:laeement Inhrieator in which the oil is 
supplied liy the presM-.re of steam on a piston. It consists of it 
cylindrical vessel ,\ lilted with a piston 1), a hollow p' oin rod L, and 
a .sight-feed !trrai,g“nient S. The ete,uii 
inlet is at II, and the oil outlet at K. 

rii^ piston I) is jacked with an 
asbestos ring ii, held between a junk 
ring and the jiiston. 

To fill the lubricator, the jiiston D is 
jnislied down ns far as it will go; the 
jilng Iv is renioM'd, and oil is jionred 
into tlic Clip tl, whence it runs dov , the 
hollow piston roil and llirmigh the lioles 
M into the lubricator, air heing allowed 
to escape llirongh the jilug N. After 
the jilng K lias lieen rejilaced, steam is 
adniittcd below the jnsUm D hy lyx'iiing 
the ping 1. 

The amount ol oil allowisl to jiass 
away is regulated hy the jilng K, and 
the nnniher olkdrojis jiassiiig jier minute 
can be .s.'c tln’ong'li the glass .S, which 
is kejit. lilled with water, the amount 
of oil in till' lulirieator Vieiiig indicated 
by the length the jiis..iii rod jirujects 
through tile stiitllng bo, on the tiiji of 
the lubricator. 

The ' ,..,er can 1 drained from tlic 
pare of the cylinder niiiler tho*fiiston I), 
by closing the jilng I and ojie.iing the 
[ling P. Ly closing tlui ping 0, the 
lubric*tiir is isolaleti from tlic jiart Fio. It.. 

being 1 diricatcd. , * ’ • 

There are a numlier e*’ (i;flinilor luhriouinrs, nflire suitable for largo 
than for small engine^, so dshigi.ed that a jiistiin, actuated hy,a 
rate'’'Jt driven fro . ^hc engine cross-head, delivers at iiaeh stroke of 
tl’c engine a fieAViite quantity of oil.* 

yVie Uex’ {mipivn-il ^MoHern},’) Inlirii-alor, mnic liy Me.ssrs. 
yickers & Sons, tig. 144, is o.ie of these. It consists of a l^iwer 

29 
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vesuel to the nil, (“iltcd ^ with a hollow phiiigor ivhich is 

autuaU'd by yii aiTaugonieiit of ratchet, wamii, and screw gearing. 

The long r,\lchot'ann ohtaiuK its motion by being coni; icted to a 
reciprocating i^irt of the engine ; the worm wheel rotati's Hie plunger 
screw when tli wing nut abovo it i.s lightened, and reigilvcjji freely 
on the screw when the wing nut is loosened. With the worm wheel 
in the loose position, the jihingor can he raised or lowered hy turning 
the handle at tlio top of the luhricator. 

To fill the lubricator, the wing nut referred to is slackened, and 
the plunger is drawn to the top of its stroke ; tiie luhricator can then 
he tilled, aft'-r removing the cap covering the large filling-hole shown 
at tile rightHand side, near the top of the oil vessel. 

Frinhiiann’is /jmii/i luhricator, llg. 1-Iu, is aiiolher of the same type. 
This apparatus comhines in itself four hihrieator.s, wliich are com¬ 
pletely independent of one another. Kach pnnii) can he adjiisfed to' 
puni]) various quantities of oil, and, after ailjustinenl, the supply 
becomes regular, and is entirely miafrected by tbe counter pressure 
whicli e.xists in tlie oil pipes, (loiisequently, a single apjiaratus limy 
be employed for lubricating at the same lime eylimiers undjr pressure,^ 
and also jiarts of inacliiiiery where there is no pressure. 

Two eccenlries K and K', whieh are rotated liy means of the 
ratchet lever L, respectively cause the self-packing [listens ? and (,) 
to move up and do)\u. The piston P draws oil from the ve.sscl 1), 
which is nearly filled with oil, through () and and forces it 
tlirongli Z, into the pressure sjiaci' K. The [liston t,l acts as a valve, 
closing Y before piitifiig Z into eopiiniinicatioii with K, and on the 
return stroke closing Z liefore jiiittiiig V again into eommiinieatioii 
with 0. Thus the jiressiire spaco Ls never in direct coinnnijiication 
with the oil vessel, and it is, therefore, impnssihle for the oil contained 
ill it to he drawn away. „ 

The quantity of oil which i.s discharged at each revolution of H 
depends njion the stroke of the [liston P. Wiien tiie ngiilating 
screw 11 IS completely scrowivl down, tlie piston forces out its 
niaxiiiium ([iiaiitity (about J granmie). If P. he scrowed iqi, tlie oil 
supply is 1 educed, and when screwed up as far as the [lin A will 
permit, the discharge is at the minimum. 

Each apparatus is provided with a strainer a»Tanged under the 
cover W, and tlio several cylindefR are fitted with cyliiidrieal 
strainc's 15. A rornovahle wire X indicates the level of tiie oil, which 
should iievcawK! alliwed U. fall below the level of the aiierture 0. The 
perforated [iliig ! sho'bs the height to which oit .should he fillet^ in the 
vessel. It qlso allows aiT'toqvus into the oil reservoir to hike qp the 
S[iace of the oil [lum^icd out. A'drain cock IM is used for omjitying 
^id draining off any water whieh niay have got into the oil vesseL 

The check valve V in conneetion with each pump is used tfc^ire- 
ve'nt steam or water of coiidcnsiUion from flowing hu,ck, if the filling 
of the oil vessel hasj been neglected- flteam can be passed Ihfougfi the 
passage U for the purpose of heating the oil during frosty weather. , 
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Fig. 14o.—F iie'lmanirs Pump Lubricator fur Locomotives 
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The putn-DS are opcrr^cd' hy connectin'; tlie lever L ^ith the 
reciprooatiiiApart of th„ locomotive. aiiH it will bo seen that the 
Ktroko can laVincrdhsod or reduceil liy altering the ]) 08 it»on of the 
Kliding piece t. The part G is rigidly connected to toe ratchet 


m 


SfciiJ E 


B 




\vheol, to which a handle can be fitted for the piirpose of w'prkinf 
the pump and fiVin<r the oil pipea as required. , >»_ 

Still another pump lubricator, made by the 'Steam Cylindei 
laibricator Co. of Manchester, and known as the Adams if* GrundisM 
sight-feed lubricator, is shown in fig. 146. 
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This lubricator comprises a tcnic, A, conUiiiini^ the -'ji;. in wtiich 
are several plunger piinipK, one fur each feed. 'I'he sii, ply of oil eau 
be rcgul'.ted by tlic taps K, the surplus oil ])assiii;" 'nek into the 
tank firo igh the holes soon below each tap. The lever F is usually 
ooupl<!?to some ^■'■tipl■ocatil)g purl of the engine, out in the case of 
high-speed eiigiues a special gear is fitted for driving by a small baud 
from some revolving part of the enghie. The pum])s can be worked, 
if required, by the haud-wheel 11, for Hushing purjKiKes at starting, etc. 

ClLa/nnan’K paliiif niiUimatie ci/linder luhrienfor, manufactured by 
Messrs. Knowles Ik Wollaston of Tamdon, has bt'on designed fur 
feeding mixtures of cyliiider oil and graphite, ospev- lly for high 
steam presstjn-s nid superheated steam. This lubrii,.itor is iirovided 
with internal meehaniMu, actuateil by some part of the engine, so 
constructed that the luhriciint is kept continually stirred, and, 
tlierefcre, uniformly mixed from the moment it is i>ourcd into the 
body of the lubricator until it reimhes the min-relurii valve llirougli 
whicli it enters the steam pipe, tlms obviating tlie dilticnlty which 
has been experiimeed in tlie iKist in feeding a mi.xlnro of oil and 
graphite to eiiginn (yliiidens, owing to the graphite settling wlienever 
it has a elianec of so doing and choking the lubricator and its 
oomieetions. 

In the Kise of lix;omoUves, the stciuii has often to be shut oil'and 
the engine allowed to run for long disUneos williont steam. Wlien 
working in this condition, there' is often too little steam passing 
through the Inhiaejitor to more Uian ijartially lubricate the engine 
parts. To prevent any serious injury to the nibbing surfaces under 
such conditions, Inbriciitors are placed on the 
cylinders. The most eamimonly used design is 
known as tlie F'H.r«ess ’ /«firins/or, a section of 
which is slio\fn in fig. 1-17. (til is pliwied in 
the bell-.sliapud chamla'r, from whence it fenls 
through the wick and wire gau/,e cup into the 
central passage, which it fills. So long a,s the 
steam pressure remains in the cylinders, the 
small valve shown rjmains closed, but im- Pj,.^ l .)7 

mediately steam is shut off, a vacuum is 
fo'^meu, the valve is drawn (ijl' its seal, a charge of oil enters the 
cylinder, and so lung as tl'C si 'am remains oil’, the oil is slowly fed. 

A weak feature of this hdiricator is that, depondiiio , ,t does 
upon the lifting powi'r of wicks, it cannot be used for nuck cylinder 
oils, Hnless it lie steam-jacketed so as^to keep the oil warm. 

An ii '> roi'cd rijiinihr luf^ricalof-'tf tl'styjiojs .show.? in fig, 148. 
The luhrii nor is iilled with oil tlirougii tiie ea^i W, after removing 
the cork L, and ■ >.i oil can pasif eway from the container so luug I's 
the valve A js '.;ypt«pr('S.scd against^ils soati.ig by the spring li, as 
shown 'll tho ugure. 

To operate tho lubricator, th.- valve A is lifted mid rotated through 
' H. D. Furneio, Eiig. .Uatuul No. 2437 (1871). 
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opciiiiig of lli(! vulvL' is rcguUtol by raising; or lo\vj;nnp: tlic uut C, 
until tlin m|uir('(l uniuitity of oil can 
piss slowly into ilio cliaiubor E, and, 
will’ll llip lii’sirod ojii’iiiiig has bouii 
obtained, (! is loelicd by incaiis of the 
lint ]>. 

Wlieii the engiiK’ is working under 
steam, <tlie I'alve E is kept jirossed 
against its seating, anil steam is thus 
|iivvented from passing from the cylinder 
into the Inbricatiir. During this time, 
oil passes slowly from the conbiiniiig 
vessel through the valve A into the 
chamlior El, and when steam is shut 
otfj the action of the engine piston 
moving to and Vo creates a vacuum 
lioliiiid the valve Y, which lifts, and oil 
out of El is forced into the cylinder by 
the pri'ssure of the, at'mosphei'c passing 
down through the tube El. 

'J'he Lt/ard mtowalir hihrinUor, fig. 
149, made by Messrs. Holden it Brooke 
of Manchesti’r, also' dispenses with the 
ti’inniiing. ^ 

At each stroke (when stcMii is, shut 
oil') the i^icmini in the cylinder Causes 
Em. Mil.* ■ H'c ^'alve A to elo»’' and {he valVe lA' 

• to open, a small fixed quantity of oil 
being drawn up past the tliroo-sidod'spindle B at the saftie time, 
screw C is provided in case t|ie use of a different quality of oil' 
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ren(ierK*rcgiilii.tion desiralilc. T'le screw is pvoU'ctoci bv *lic ciii) D, 
1111(1 cannot, bo taii.pc'i'cd w'tb unloss U is unscrewed. 

To sociii'c lubrication whilst the R'uain is shut otf, the stre.am of oil 
and stem' coming from tlic sight-feed lubricator is, in Siuitb’s design, 
reinfor«d iiy a ]<•■ of steam, wliicl, by an air-valv), is caused to flow 
direct fi.jin the boiler and open the steam-valve when there is a 
vacuum in the steam-chest. 

aiiiimialir. rafuniii ■ d'.vtrnijiiKj vulvf luhrie(il,<)r for 
loeomotir<’r, fig. IhO, is used in couueclion with loouiuotive steain- 



l''lii. IfiO. -Sill ill’s AilltiiiialiC)«Viwiiiiiii-ilcslnijiiig Valic laihi'icaliir lor 
I,iiriiiiiiiliM' Kiigiiies. 

■ I 

chests and cylinders, for destroying the vac.mm . "eateil by the 
pum«>ing action of Mie pistons wiien the cii,gino is i iiiming with 
steam shut oil', and fur luhricatiiif; the wSrkiiig faces of the valves 
and piston'' by means of a*combined jet of steaiji, air, and oil. 

The opeiiiiig A commiiuitSues with the cylinder steani-^diestH, 
o-'.d the pijie l.^wifcli the steam douic of tli« boil'r. When dosed, 
the valve C'grcvcnts llie iiassage of steam from the boiler, through 
the pipv B, into tlie cliamlxc K. The valve 1) is exposed on its 
upper bide to the pressure of the steam iii the steam-chostg and 
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tliR tli.-iiiibcr K, iintl on its iinTlcr-skV; to tlie jiressiire of the atmo- 
sjibore. Tlio wisitions of ttie valves G and D as illustrated are those 
which obtain : W when the engino is nmniiig with the steamTeguhilut 
open, and (i) wren tlie ciigiiK! is at rest with the steam ’refy/lator 
closed. When the engine is moving with steam shut oil',-tht •.letion 
of tlie engine pistons creates a partial vacuum in the ,steam-chebt6 
and in tlu! chauiljcr M, and the greater jiressure of Ih" atmosphoni 
on the underside of the valve I) causes it to rise and come in contact 
witli the end of tlie valve C, which is lifted and allows steam to )>ash 
through the noziile G, into the clmniher K, thence into the steam- 
chests and e;,dgidi'rs ; at the same time air is allowed to jiass u[) the 
passage ]<’ 1’’, past the seating of ihe valve ]), ,,iid Ao mix with tlu 
steam. 

The ve.ssel 11 contains .i supply of o'l, and the valve K regulatei 
the aiiioiiiit which ]>a,sses from II into the cliamlier I., the ncm-ittun. 
valve N preventing the passage of steam from the sleaiii ehust inU 
li and II. 'When the engine is running with steam shut off ane 
a partial vacuum is thu^ pnxliiced oil the top of the valve N, 
the air at atiiiosjiheric pressure, which is free to i^iter 11, lifts tlu 
valve N, and the oil out of L is forced down the pas,sage I’ and ii 
carried forward to the cyliudei’s by the steam pa,ssiiig throiigli the 
nozzle (i. 

When the engine conies to n-st and the pressure in the ehaiiihei 
li becomes epual to that of tho atuiosphere,’ the valves D, (’, am 
M automatically close. # 

The tube U is made of a large boi'C so that, in tlie event of tin 
valve N temporarily .sticking, st.eani will he allowed to escape freelj 
by raising the lid 1!, and without blowing the oil out of II. 

Design of Cylinders.—To seemo good cylinder and v.alve lubriea 
tioii, it is essential that altentioii 1ki paid to tlie eoii4itions .whicl 
determine whether the oil shall reach the siiriaces or not. Tin 
greatest oiieiiiy to good cylinder lulirieatioii is water. It vvets tin 
surfaces where there is any abrasive action, and etlectually keeps o( 
tlie oil. Water may he present in iindiie ipiafitity, either bec.iuse i 
is brought into the steam-chest and cylinder fr^in the steaui-piiie, o; 
is unable to escape from the cylinders owing to the positions in whiel 
tho steam-ports are [ilaeed. When wat^r conics froih tlie St-eain-pipi 
ill any ipiantity, a seiiaralor should be used and the steam dried 
This isalways done in the ease of high-speed engines, such ai 
the W'illanseTl^ine. ‘'Ihi ensure the escape of such water as coiidonsci 
in the cylinders, the port'- should he placed belovf them, or so IcAv a' 
Hie side or sides that all the water may dnijii sway with each openin' 
of the e.vhanst port, 'roper drain pipe.s must also be f;"od to tin 
lop’cst,.point;' of the exhaust pipe wlieif'it rise.s to any, height, of- tin 
wafer will remain in the |)ipe^to a siittieioiit nxteiit to keop"-c/l»i 
cylinders in a wet coiiililiou'aiid so prevent proper lubrication, •ft 
get rid of such watei‘as is condensed iir-the cylinders and caifnot gel 
away,freely tiirough the main valves, Holt’s drain valve has heei 
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found very officient, A son'iiioi: of t'lis valve ns sliowii in fig. 151. 
Here the two valves, wliicli slitle freel}’ on a .sii'iidle,;)!© eoiiti'ul the 
iTinveinonis of ''aeli otlier that the one 
havijW til groat-st steani prossiire upon 
it remahis shut ai d holds tlie oth, r open. 

This re.sults in the closing of the drain 
valve at tliat^'iid of tlio cyliiidor receiving 
steuiii, whilst till- valve controlling the 
drain pipe.s at the end of the cylintler 
which IS heiiig e.rhausted rcinains open. 

Provided that the .Irain valve is not too 
large fur the evl'niders, the water is draiiusl 
with very little loss of steam, and the Kici. I.tl. 

bottom of the cylinder, which in horizontal 

e.iigin^.-i has to carry the weight of the piston, remains well 
lubricated. 




(JIlArj'Elv XI. 

THK I.UUKICATION OF MACIIINKUY. 

• 

Geiuiineness of lubricants. -'I’lic (‘iiKincer in clmryu of ii works, 
faclory, or mill, llic I'li^inomaii in cliargc of a Btoaiii, gas or oil ('iigino, 
or ovoii tlio ]iusses.sor of a c^yrlf or motor cal', although deeply 
interesti'd in the gi’miiiieues.s and nature of the liihrii*ants he uses, lias, 
ns a rule, very limited means at lii.s disposal for doterniiniiig tin 
nature of the oils, greases, etc., wliieh he pnrehascs. It i.s no doubi 
to this state of things that we. must attribute the very extensive lost 
of adulteninl.s by inanufae,luR'r.s of lubricants, and the placing upon 
the market of imjiroperly or imperfectly reiiued oils. 

Makers of sewing aim other small niaeliines generally theiiiselvef 
sell the kind of oil most suitable foe their hihrieation. Such limit 
are able to obtain a genuine article, and it would be eoiitrary to tlieii 
interests In allow llieir unstomors to use an unsuitable oil. Tin 
retail ]iriees ebarged for such machine oils are, however, so high as U 
lie jiroliibitive where liiliricaiits have to Ihi used in hiii^'e (piaritities 
and it is then necessary to jiiireha.sc from a wholesale dealer, aiici 
tn tak(‘ pro[iBr precanitioiis to ensure that the Inbricaiit is free from 
adulterants and snilahle for the hearings n]K)n which it, is to be u.sed. 

Tbe most valuable and cxiiensive oils, such aS s|icrui, olive a'..'.i lard 
arc ext.ensively adiiltenited with ('licii]iorli.\ecl ods and with niiiicraloil 
Cottonseed oil i.s freiinently mixed with olive and lard oils, and ii 
sometimes almost wholly suhstitnted fov the foniiur. INjTieli of tin 
olive oil sohl for luhrieating. if not adulterated, eoiitaiiis so much free 
oleic a?t(^s Jo be (juitc unfit for use. Indeed, many lubricants an 
mixtures of vario’ieli^iids or soft solids, some of wliieh arc very 
injurious. Adulteration, jvitli a^view to the thicKening of the <ubri 
cant, is nmitdy resotfed to «i tl»,‘ case yf .miueral oils; these an 
also adulterated witlarosin oil, and occasionally with neidral cual-ta: 
oil, 'Tlie sopliisliealion is often vei^' skilfully d^'H‘, the jirbblen 
being to add snelt cheaijier iiigrc^ieiits to the mere ^xpjnsive tniS^i 
will enable them to jiass^is many of the tests of the chemiEt ai 
possible. AtteiupM are sometimes tiiadc to thicken tin? thiime: 
Imi'ning or inlermediatc ]ie.trolcmn oils, so as to make lubricants p: 
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them. It thus ajipciirs that mil. ss the piirohiise” has somr nic.aiis of 
asccrtaiiiinjr tlie tniu cliari-.iter of the luhricuiil lie is iisiii};, he has 
little or ijo guarauteo of its gemiiiiiiucss or (iti’sss foi'vr ’ 

A impro 'emeiit has heeii made ot late years iii the quality 
of faiiM'al lubric ttiiig oils. Jiy i.iiprovod methods of refining, less 
dostriioti\o distillation takes place, and the lighter fractions are 
more perfocUy separated from the heavier ones, thus making the 
v.arioiis grades more lioiiioe:oiieoiis in their composition. 

Simple Tests for Adulterants and Impurities.—In the majority 
of instances, the engineer in charge of a small .station ha.s no means 
of oblaining an acc.irato knowledge ol the true eharac,*" ■ of the oils 
siipjilicd to liiiiif other than hy (•'iii.siilting an an.ilytieal eheiiiist 
versed in The methods of e.\aminmg liihricants, for many of tho 
auiiltoraiits used rt'i|nirc careful analysis to oven detect their 
pmseRce. In (jhapters VI. and Vll. the most imjiortant of 
the eheinical and jiliysical inuthods in use for tlie detection of 
adulterants have been di’seribed in full. Most of lliese can only be 
practised by a skilled analyst in a priquii-ly eqnipiied laboratory, 
tjomc of the testai however, can he made with very smiplo apparatus, 
and these the caigiiieor should make himself aei plain ted with, ns they 
will furnish sonie very valuable information eoiieerniiig the purity 
and jiroperties of the lubricants oli'erod to him. 'I'lio very important 
lost for free acid is one of these (p. 21.5). A rough but vory useful 

test can be inaile in a stoppered .50 e.c. graduated test ini.xer, into 

wbieii 1.5't e.e. ( = alKmt M’l gnus.) of the oil are earerully 

measured. 'I'lie cylinder is lillc*! iij) to llie mark with neutralised 

methylated sjiirit, some phenolphthalom solution is added, and 
norneiTeaustie srola is dropped in from a burette, until, on shaking 
well, the pink colour is jiermanent. The imniber of e.e. of caustic 
soda lined, ni!i(itiplied hy 2, expros.sc.s, approvimately, tlio percentage 
of free (oleie) acid in the oil. All the si/ itions, the test mixer, and 
the Iniretle and stand, can he piirehascd for a few shillings from any 
disder in ehemieal apparatus. Dipping tiliie litimis pajier into the oil, 
as freq ..'I'^ly recommended, is a useless test. Another easily made 
and very valualile test is the watch-glass test for gumming properties 
(p. 2('>.5). Tho oil 'tan he carefully moasnred instead of being w eighed, 
ard il eoinpared i nder ex'o?i» /f/e Mini- miulilioiix witli a standard 
sample of oil, nsefni infor’iiat.oii may be gained The wateh-'dasscs 
can be plaeed side by side in any suitable hot situation jiiutected 
from dust, and thus oven the hot air or walei-gvcn caft jc dispensed 
with.* Ill many cases it is not wortli,tho tymble and time to aecer- 
tahi ill' xaet nature of tl^i ailiilturaiit nsed, tim tests 1‘oiiig merely 
such ,as w'lHiidieatu whether the saiiipm e.vaminwd is lit for use. 

kSiieli tests cm -idered in thel’ght of the results obtained wil4 hi.i 
i»..eh:!'.cry wjll oija'ila the engineer i^ most cases to' detect the cause 
of leiy irregularity in working. When fne ijiumtity of oil, grease, 
etc., uset, is large, it becomes* tieccssary to hafe analyses of the 
’lubricants supplied regularly made,by a competent analyst, in »rdcr 
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to iiiiike sure that they are suitable R)r the purposes rcipiired, and are 
equal in qnalitv to tl'e sample oll'erod, or that they comply with the 
spociiication. \i'eo Chapter VII., pp. 210 30C.) ■ ^ 

Qualities and Properties of lubricants. — .Inhil//. —• Alpmugh 
animal and vegetable lubricants diner from mineral lubrieC)ts in 
their chemical constitution and activities, in many of their physical 
properties they closely resemble each other, and it is to these common 
properties that they owe their lubricating values. Of these proper¬ 
ties, viscosity and oiliness are the most valnable. But it I'reipiently 
'imjipens that an oil, which ivonld otherwise be a good Inlirieaut, fails 
to be of ])ra(«i;al use owing to its baviiig been allow(>d to become 
acid, or to its property of taking up oxygen from t,ho air ami 
becoming tliic.k, either evajiorating entirely at ordinary temperatures 
or leaving a gummy, sticky mass behind. Tlieso properties have been 
dealt witli in detail m ])revions ehajhers, and need only be I'eferled to 
bore in so fai’ as they concern the use to wliieh tlie lubricants may 
bo put. 

Oxitlatioii ami IlmmiKwj. -Many oils wliou expo.sed to the 
atmosphere as thin films on healings rapidly ihieleeu by o.xidatioti, 
and finally form gum or variiisb like masses, wliiub clog the moving 
parts and cease to act as Inbrieants. A liigb temperature consider¬ 
ably liastoiis the rapidity with which this takes place. Gumming 
oils, such as rape, should not on this aoeoniit bo used in warm places, 
as they rapidly beemme Jhiek, clog the trimmings, and considerably 
reduce the speed of flow through them to the rubbing surfaces. 

Ill places where animal or vegetable oils which are liable to gum 
have to be used, gnsit care must be taken to prevci't tlie acenmula- 
tioii of waste or other fibrous material saturated with them from 
being placed near staiam pi|ies, or stored in closed cupboards. Such 
material sliould bo ki'pt in iron bios in the open aft’, fur «i.i the 
process of oxidation or slow btiruiug which aceoiiipaiiios gmnniiiig, 
heat is evolved in such quantity as often to set lire to the whole mass. 
Mineral luhriuating oils of high llashiiig-poiijt (not below 340° F.) 
which are devoid of this pnqK'rty, should be used in tliea'^’ iiutels, 
and other large buildings wlierc the risL.s of'fire arc great, citlier 
alone or mixed with fatty oils wbieb gum only slightly (se^p. 278). 

To clean maeliines which have bdiomo covered with a gummy 
oxidized lubricant, the parts should be well moistunod with parallin 
oil, wlncff'dis^ilvcs the gum, allowed to run for a few minntos, and 
tlicii wijied dry an 1 eli^'u before being oiled agai^n. 

_j^^An old-fiusliioiied test, in>w sui,’Orseded in the laboratory, is tlfkt of 
Nasmyth. A plate of iron 8r sttel 0 feyt dong by 4 inehos #ide, 
has six loiigitudiiiaUgrooves planed in the upper side. 1ki is placed 
U)iDu#.i beiieli or shelf, in a warm situation as freo'a.s possible^roni 
dust, slightly inetined, Arne end iieiug sii[iporteil'’oi4 a Vloek k mrtt 
thick. An eijual number of drops, measured from the same pipette, 
of each oil to be tested and of a‘standard sample, art placed 
suoeftssivolv in ouu of the grooves,.-and the behaviour of the different' 



oils is tiliBerved from day to day. T’.iosc of l^'ast viscosity will, at 
first, flow roost rapidly do^'ii the incline, Imt cidation or any other 
aause tendin'; to^ thicken tlic oil will gradually a'rrcst !■ .votioii, and 
the rffoct* d'ter a few days will become marked, the'host oil flowing 
the*grj|^toit distance. 

All animal and vegetable oils, fats, etc., contain acid constituents 
which will a^ack tlie metallic surfaces of bearings and form soaps of 
iron, copper', ete. The tendency tlrcy have to become more acid with 
age is very sliglit in most cases, if the oils arc jiroperly relined and 
not stoi'ed too long. The extent to which lubricants maybe e.xpeetecl 
to contain acid oonstitiicnts, and tbo lawt methods for tlyir detection, 
will bo found in Cliajrter VII., p. flIO. 

The temperature at wliicli ait oil flashes when a light i.s brought 
nsar its free surface is called the jlfixJimg-ixiinl. Tliis property has 
beeii,fiilly discussed in Chapter V]., p. 186. No lubricating oil 
which flashes below a temperatiii'e of 640” h’. sliouhl be used for 
indoo'' machinery without special jirecautions being taken to prevent 
risk of fire. 

Freezing .—Many oils, which at ordinary temperatures ai'c clear, 
transparent liqniSs, become, if the tempcratiiro falls siiflicioiitly low, 
white, ojKKjue, solid masses, 'sometimes, as has boon shown in 
previous chiijrters, the whole mas.s of the liquid solidifies at some 
particular temperatiii'e, or certain constiuients arc thrown down as 
precipitates ; whilst in other ca.scs, as the tcmpcralnre falls, the liquid 
becomes more and moro viscous, and linally becomes a soft solid. 
This must be borne in mind whcncvei beariings are exjiosod to cold. 
In such cases the reservoir in which the oil is stored, and the 
triiiiniMigs or other arrangement for Bup|)l 3 'ing tlie oil in a regulated 
slreani, must be placed clo.so to the shaft, sc that tlie heat resulting 
from 1 ^ defieiimcy in the .supply of the lubricant may cause it to flow 
again, b, by chance, an oil which easily "olidilics should lie used, 

OUiwsr .—When a grease is nrtiliod between the lingers it will 
be found that they slide freely over one. anotlier oi’cti when pressed 
togetb"^ with considei-ble force. A sindlar efi'ect i.s jiroduced when 
a greasyiiitger is n.bocd over a sheet of glass or otlu'i' smooth solid. 
This ari.ses in great rncasni'o, if not wholly, from the fact that the 
groas. is a li. aid or viscous siibstancc, bu(. a plastic or very soft 
solid, which cannot by ]ire8K'iru alone be wholly driven from between 
the surfaces. On tlxo other hand, the soft solid is easily sh". tl, the 
resistance ottered to the sliding of [larticle ovoi* parli" le being very 
smalj. This jiropcity of greases causes thefu to form very thick 
lubrjeating films, even^when tlie^ldhd.s ate heavy tmiJ the sjreeiis 
moderate tiigtie, speeds, however, they dS^not compare favour¬ 
ably with we oils, the frictional resistances being much greater^ 

Escept for bearings, greases are noy givi' g way to blended 

oils, for the'.,igircoefficient of frieffon and resulting loss of engine 
power issby no means counreii'iHted for by the drereasod cost of the 
, lubricant. 
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(!)easos iiro {'pnenilly madiv l)y ll)ick(‘iiin<r a mineral oil, ilxed oil 
or fat, with a soap of linic, soda, load, etc-, more or loss water being 
omulaihod with The dil and soap. In soine cases solids, snel'. as black- 
lead, f’u'indi chalk, and mica, arc also adilcd. A niunbco of these 
lubricating greases are descrdied in Chapter V., j). 12C<,«f seq. 
They are liable to be adidteraled with excess of water, and with solids 
such as china clay and gypsum, which arc not lubricants. 

The corresponding property in the ease of liquids; which pre¬ 
vents the lubricant from being easily pressed out, is called oiliness. 
d)i(ierent liquids [lossess this property in very dillbront degrees. 
Tlm.s, althc.'^qh sperm oil is much less viscous than glycerine, it will 
be found to be a mneh better lubricant. The „,lyeerine feels harsh 
between the fingers, whilst the s]H!nii oil feels smooth '.mil grea.sy. 
Tho viscosity of an oil, therefore, by no means furnishes ns with an 
indo.\ of its Inhricating value. With Ingh speed.s, moderate ,1oac.ls, 
and good lubrication, it is no doubt the degree of ilmdity wldeli priu- 
eipally determines the value of a lubricant for any jiartieuliir purpose; 
hut when the speeds are ^low or very high, llie loads great, nr the 
lubrication imperfect, oiliness as well as viscosity play an important 
jiart in thereduetion of frictional resislane&s. (.See Chapter 111,, on 
‘ .Superficial Tension.’) 

Tlio property of oiliness is generally pos-sessed most markedly by 
the aininal oils, less so by those of vegebdile origin, inid least of all 
by some niiiierai oils. It is on this account that fixed oils arc so 
frequently added to iniiftiul oils, for they give to Urn latter just that 
property in wliioli the mineiiil oils are most delieient. 

No simple lalioratory test has yet uccn devised for aseertannng the 
comparative oi/iae.i.s, or carrying power under heavy loads and at low 
speeds, of lubricants. Sneh information is generally obtained by 
moans of mechanical oil-testing machines. However, t^'C valu^ of the 
results they give, considered from this point of view, varies with the 
speed, load, and method of tiiling'adojited—matters wliioli areas fully 
discussed in (diapler IX., on tlie ‘ Meclianical Testing of Lulirieunts,’ as 
our ])resent knowledge .seems to warrant. _ 

Vut-osHij. —Upon the vi.scosity or degree of fluidity of tlie lubri¬ 
cant depends tlie resistance whieh it offers to the motion of the 
rubbing surfaces of quick-running yacliinery, and ai#-, in some 
measure, tho loads whieh hearings will carry at ordinary si)eeds without 
suffei abrasion. Eacli particular animal or vegetiiblo oil has a 
viscosity whifli. does not vary greatly in difl'erent samples, and may 
be regarded as being ifi some measure an indication of its purify or 
■’gtiminoness.. Tlie viscosity .ol'*'siicli oils, Jhorefore, need not. be 
specified when ordering, but should be detormined for f^ie purpose 
o,f aseertaining probable purity. Mineral oils, liowover, having a 
groat* range of viscosities may be purchased, mid it is nocW3a|jy 
to state in all cases the degp'cc of’lluidity required. * •' * ^ 

The visoositioB cfoilllubricants vary,very considerably with changes 
of tepiperature. Thus an oil whieh, as long as the journal runs cool,, 
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is aufficrently viscous to carry th(^ load 'properly, may bocoiuo so Suid, 
it tiio temperaturo sliould rise from any cause, that the, rubliing 
surfaces •lose to^etlier and cut and car caob i-ibei'. d'he variability 
oi til* vis»;osity ('r,H luljricant with cliair^e of lcn.per,u,iire is often so 
t;re*l*^al.iui oil 'hich works well in a cool place niiiy be altoj'ctber 
too ‘ tniu' fur a tmt cntrinc-room or warm climate, (lastor oil, whilst 
too thick for locomotive Ix'arinos in Ungland, is, on the other hand, 
largely used*'m*Inilia, where itaiiswers well. Mineral ods vary more 
in viscosity witli cliange of temiieralure than do fi.'O'd oils. Oji this 
account the chan, os of a hearing lubricjited with a uun-futtv oil going 
from bad to worse arc great, and needs mon; carefi 1 att''a,tion. 

The nature .and measurement of this property are flllly dealt with 
ill Chapter* ll. and VI. * 

S/ainiiKj of Ftilirii'n. Tlie lubric,ant.s used for the bearings of textile 
'.naeluuery arc liable to be thrown about by the rapid motion of the 
.spindles, ,shaft.s, etc., and falling upon the cotton or wiiolleii goods, 
produce more or less objeetiouable stains. Kvery care is, of course, 
taken to prevent this splashing of the lubricant, but as it eamiot be 
altogether prevented, and is a])t to spo il tilt: apjiearanee and I'oduce 
the market vali* of the cloth, care is taken to use only lubricants 
which either stain very little or give stains wdiich are easily 
removed. Pure mineral oils, it would apjioar, all produce objection 
able stains which wui with dilliculty Is wliolly removed, for they 
sink into tlie ilbre and carry with them the line metallic powders 
ground off the bearings. On this aecoiint, even though tlie oil 
be clean and eolourlo.ss before use, and he apparently completely re¬ 
moved ill tile seoiiriiig, the cliemioid changes which the motallie powders 
uiidcrcyi Booiier or later, .sometimes moiitlis later, produce stains of 
various colours in the liiiislied good.s. Stains proiiiieed by tlie oil 
thrown from heated bearings are found e.vci'ptioiially difficult to 
remove, ispeemlly if the stained goods have lain in slock for two or 
throe iiioiitlis. Wiieii such goods «,ro lilnaehed, tlie fabric is often 
found to iiave. become i*otteii, and a liolc makes its ajipearaiiee w’liere 
the s^'n had been. • 

Animar~snid vege‘idile oils are much less liidile to produce , 
permanent stains, for, being saponifiable, they are almost wholly 
remoc -.d if.Ahe v; -ions dressing processes the fabric lias siibseiiuently 
to undergo. Witii tliom mav’be mixed from 25 per cent, to 30 per 
cent, '.if mineral oii without pioduciiig any marked effect iipe their 
staining (lualilies. In greater proportions, liowcAcr, t,'- ' results ii.'b' 
not sijtisfaotory. • 

The colour of these .stains depo,iKls»iii.|Oii *lhe metals 'jf which tlr<f““ 
nibbing rurfiices are i..aT!e.' Iron prodiieos a r5ll stain, whilst copper 
or brass status are grey, groenijli, or black. * 

fliM of the ,uos^ usual, as well as oiie^of tl; i most olfeCTive, 
ihethofls of d»'"dui{; with mineral oil Stains in cotton goods is to ini- 
pregniiie.thciii with olive oil or„olbiuo (crude oloie..acid), allow half aii 
^our for the oil to thoroughly pciraeate the stained part, and ^hen 
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boil'tlio goods in a eaustic soiii lye l/)r six or eight iiours. OKvc oil is 
tnur(! ethcaoions than oleine ; and if, hefore boiling, the faViric is well 
scimred with a^i.paiTd a little carbonated alkali, the miuera’. oil stains 
are inoi'C tliorougldy and easily removed than when boWed ki the 
kior at once. Iii the ease of d 3 'ed and linished falirics wbiekycawnot 
be wetted again, heimneor benzoline, which dissolve the mineral oil, 
eiui be used.' The solvent should be apidicd lirst in a ring all round 
the sjioL, and gradually brought nearer to the centre, and a fibrous 
substance, such as blotting-paper, used to absorb the oily solution 
• whicii is driven to the centre. If the solvent he apjilied to the oily 
spot direct., the grea.se is caused to sjiread into the fabric. 

Blended lJubricants. — il/i.rft/ w BUiuUd ')ih. — Mineral oils 
being miieh cheaper than tlie better class of fixed oils, aV.d as, at the 
same time, they jiossess valnahle [iroperties whicli they confer upon 
other hihrieants witli wliieh they arc inixt^d, the use of blended oils 
has now become eotmnon. Indeed, quite apai t from the pecuniary 
i\s])cet of the e.ise, the blended od.s are I()r m.iiiy purposes superior 
to I'itlicr |)ur<' li.\ed oils or jmre mineral oils The percentage of 
mineral oil jiermissible varies according to t.lic k.ad, speed, etc., for, 
unforumately, many, if not all, minend liquid bibricaiils are delicieiit 
ill the property we have called ot7/«c,ss, and can s(‘l(loiii be nsed quite 
pure, except in those eases ^liatb, ring, or foreed lulu ieation) whore 
the journal and bearing are kept thaided with oil. At one time 
mineral oils were regarded with great distrust both liy ebemists 
and engineers, and wJIhn found mixed with ti.xed oils they wc.re 
regarded as objcetioeable ndnltcniiits. 'I'lie reverse now seem.s to be 
the view ofleii taken, lixial oils being soiiietiiiies looked U]ioii as 
adulteiiuits when found nii.xed with mineral oils. This lie., seems 
to have arisen from a coiivie.tioii that the lubricating value of an oil 
is wholly duo to its viscosity, .ind tliat as mineral o^s can be jire- 
pared of any desired viscosity, ll.xcd oils could be wiielly dispensed 
with, tills were eonseqiiently' iilaeed upon the market which were 
stated to lie free from fi.ved oils, and were sold ns jmre mineral oils. 
They, however, jiroved on analysis to eoiitai . a proportion ./yf fixed 
oil—ill other words, they were really hleudeil oils. * 

111 the majority of instances these mixed oifs answered iidmirably, 
a fact which served to strengthen tlje view that, IToin* frictional 
])uiiit of view, viscosity was the |iroporly whicli deteniiiiied the 
valuSi^f an oil. lint ehcmical analysis was not slow in proving that 
these BO-oiiIle< jiiire’iniiieral oils really contained fixed oils, and that 
it wits largely owing tb the presence of these fii*ty eonstitneiitp that 
“~ciie good results obtainccMn joi'Actjce were due. More rational .views 
are now coming inM vogue, and users of lubricants Rire Loginning 
J .0 recognize the fact that the best lubricants for most pnrposss are 
obtained fiy the .!'ar,.fyl blending of .animal anjl vegetable oils, fats, 
or W'axes with mineral oUs. ?ure mineral oils a*he, however, ^usid 
with quite satisfaotory results for forced lubrication, and they ■must 
' PeuleeoBt, Jmir. Soc. Cktm. Ind., 1897, p. 409. 
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be ueed’for lubricating tlio cybudirs ,.f condensing cui;ine.; and for 
swabbing the piston rods of marine engines, others ise fixed oils would 
be liable ,0 lind their way into the boilers and janse ' ■ •nro. 

Tint i'( owing broad principles can, in tlio absence of more 
acc»rai-iknowledge, be laid down 

Fixed (ilr, if of sutlieient viscosity, and fats, iwd best at great 
pressures, ndnoral oils at light iircssmvK. (In (be oilier hand, 
viscid oils give ,iie best results at lo« S|ieed8, and thin oils at iiigb 
speeds,’ thoiigli the viscosity at low speeds imist not lie gri'ater llian 
is necessary, otiiei wise tiie friction is uici'eased. 

Pure niiiieral oi's arc suitable for pressiiiTs belov 'rb lbs. per 
sejuare inch with free Inlirication, and when the m. lals in contact 
are sncIi as^io not readily seize each other. With increasing loads 
the proportion of li.Ked oil wliicli it is desirable to add must also 
nicreiyje, if satisfaebiry results are to be obtained as regards friction 
and wear. I'>y raising tlic> visi’osity bi'yond what is reijiured to 
carry the load, instead of adding a livesl oil, the friction is sure to be 
increased, eve.n tliongii the rate of wear of (be rubbing suiTaccs may 
be reduced, anil move power is wasted than the eeononiy in fixed 
oil warrants. 

Prom the chcniieal point of 'iew there are good reasons for 
mixing as large a proportion of mineral oil with any ii,\i d oil as wdl 
not interfere seriously with its loaibciinying properties, ]!y suoli 
aiinii.xtiire, the tendency to gum is much chocked, the oil reniams 
Iluid, and cotton waste saturated with it is niuoli less liable to (Ire 
apontanoonsly. 

As bearing upon the cliangcs winch take place in blended oils wlicn 
used o\ er and oxer again for long ])(’ri(«ls, the following results may 
here tie given. The oil in tlie limt column, marked ‘ new,’ was a 
blended oil used to lubricate the ‘blower’ of the Thomson-lloiiston 
dynamo. The same oil was used to lubri'cite the armature bearings. 
The oil in tlie second cobiriin, marki^l ‘old,’ was some of the same oil 
which liad been used for the latter purpose, lilteri'd, and used again, 
for a O' "ipd of six moiubs. 

New. Old. tlaneOil, 

llelativi viscoBilv at t)/'P., . . liOtt Slti did 

Rel'bvc'-’Bcosil'- at itltl" R, ... ‘JH 1(10 IfiK 

Spceififi'yuivity a (» R, . . (rtK)2(! (HlfBO 

Total fatty aeids, . . . (!8;1/' 

Prei. fiitl.y acid, ..... O'is/ 0 1‘2 / 

Diit'erein.'e ; equivalent lo neutral fatty oil, 5'81'X fi 

Mineral oil. . «.!)4d.. !)3".V 

‘ ' » 

T!k' ive results show .that by con imiod ^sc tboi '•had boon'a 

loss (proni’^y bi' evajioration) of mineral mlg and a consequent 
increase in tlie !""-ceiitage of ftil'y oil. This change had rosult^i in, 
a sligi'j' incre.T *’iBcxisity and of^specific I'ravit^. The fatty oil 
bad undergone some, oxidation, resulting in a lowering of the melting- 

’ Any piesRure below 70 Ilw. |ier •|Unri' iiieli may lie iTganicd a.s 11 fif,lit Inmi, 
<H>d ouy .ipced boljiw 100 feet per ii.inute as a low .s|ieuii. 
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poir.t of tlie fatty acids and a darkening of the colour, also'a slight, 
but only very slight^ increase in the percentage of free fatty acid. 

Animal an \ vegetable oils cannot, however, Ijc addi.d to all 
mineral oils with iinpvinity. Solid hydrocarbons arc presefVt in some 
mineral oils, which, when they arc mixed with vegetable oils, 
separate out as a precipitate and cause trouble by clogging trim- 
ming.s, valves, etc. 

Wo have seen that much is to bo gained both In 'economy and 
efiicioncy by mixing in suitable proportions mineral oils with fixed 
oils, (ibiite a number of these blendoil oils arc placed ujjou the 
market, n. ..'.ty^of them being sold at fancy prices. It is better, there¬ 
fore, for the large consume)' ty ptird. isc the piii'c lubricimts he 
requires, and to blend thmn himself to suit the condAions under 
which they ;u'e to be used. 

Fafsdwl The contrast in lubi'ieating jiroperties between 

miuei'al itnd fixed oils exists equally in the case of it pure minoi’iil 
grease like vaseline and an animal iat sueli iis tallow, the latter 
possessing in a far greaja'r degi'oc the property of gi'casiness. In 
the case of purified vaseline this is duo pju'tly to the fact that the 
excessive refining tends to I'cmove those constituents of the crude 
oil u])on which the Inbrioiting pi'Ojierty dopc))ds. Thus some of 
the best mitieml cylinder oils, wbieli arc excellent lubricants, iire 
obtained f>’om the same crude oil as vaseline. 

A ]a)’ge ruimber of lubricating greases are made by inooi'poi'ating 
or emulsifying q^mal and vegetable f.ats with soap iuid water, also 
by tbiclcening juiueral lubricating oils with so/ip. Sonic of these are 
described in tlhapter T., p. 126. Ijargc quantities of these greases 
arc tiBcil, with very good results, for the liihricalion of lailway wagon 
axles, and some of them are excellent hibricauts for the bcai'ings of 
slow-moving niacliincry. When the loads to becan ied are exception¬ 
ally heavy, .solids, such as plumbago and soapstoi'c,'ai'e sometimes 
added to the grease. These solids prevent alirasion ;it points where 
the pi'essnre foi'cing the surfaces together is very great. 

Except, ill sjMicial eases, greases sbnild not be used foc-^-piick- 
runiiing journals, sb.afts, or spiiidle,s, the frictional resioLatiee which 
they otter to the relative motion of the surfaces causing great loss of 
power. Tims a case is mentioned byvSiiupion in* whiohntho owner 
of a mill using water power deeided to use grease us a lubricant 
in8te,cd of oil, but owing to the increaseil friction, the change in the 
method of Inb.'icatioii caused the water power to ho insufficient to 
drive tlie machinery, and the use of oil hade to be reverted to. 
'iVoodlmry ivscd oil fop one of. the J.wo rows of looms in a cotton mill, 
and a consistent fat fpr the other, lie found, under the ai^nie running. 
yon^jtions, that the temperature of the bearings lubricated with oil 
was only 4' liiglmr tliq,!! the temperature of the room, whereAs the 
temperature of the othei* hearmga was 22“ higher. ' With fjoap- 
thiokeiied mineral oils there is the lialtility of separation takfiig place, 
especially under the iulliii.iice of steam or moisture. The mineral 
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oil may run away and leave the roan hi the grearc box or on the bear¬ 
ing, wliicli is apt to run ho*, in ii<)iiso(|iience. 

In the ease of fats and groa-ses whose melting-jioii).'.. not miicli 

abovi^the teinpenturo of suiTouiulitig ol)ject|j, it genciully happens 
tha# thu lubricati’.g lihns are so wiinnci.1 liy the friction of tlie 
hearings that tlic-y actually melt wlien drawn iietwccn the rubbing 
surfaces and "ct as oils. 

.Although uiisuitalilc, on the whole, for iiioderalely iiuick-nnming 
machinery, grca,ses answer admirably in cases where the speeds are 
low, or where a low coeflieieiit of friction at starting is essential. 
The cheaper grc.ises, made with rosin oil and lime, ai'e tl for cart 
and truck axles ’.vliilst those compased of lubricants of superior 
quality are Tised for railway wagons, pedestals, etc. 

Jiciiig soft solids, special motliod.s (see pp. 417 and 4,'SO) liavo to l)c 
jirovii'd for tlieir application to tlic hearings, for they do not liquefy 
so long as they arc kept moderately cool. For railway veliieles, only 
the better classes of greases are used, and as friction is an important 
eonsidenition, the ingredients are in some countries changed to suit 
the seasons, for a grease sufllciently tbiek for summer might be 
altogether too .stilf for winter temperatiiros (see p. 128). 

It is well to bear in mind tliat is only when tlio speed of rul)l)ing 
is low tiiat economy results from tl»e use of greases. At all oi’diiiary 
velocities a inarkod ine.reasc in tlie friction is brought, about liy 
tboin. This loss of power is seldom estimated at its true value. As 
a matter of fact, it may greatly exceed the gain resnlting from the 
use of tlie clicaper luliricant. , 

in tile ihuted Slates, recently, very satisfaclorv results have been 
obtained by the use of grease for locomotive bilirieatioii. In a 
proliminary report made by a Committee of tlie American Master 
Mechanics’ Asi^iation (see .Ueclianiral Kiiijiiwi r, "JcSlh ,1 iily lilOfi) it is 
stated that during four years’ experience 'itli 20,‘i locomotives fully 
equipped for grease Inhrieation dnriflg tlie whole or jiart of that time, 
the lubrication of jiins and driving a.vlcs witii grease lias proved les.s 
cos*’ 5 ’ ■>" witli oil. riiorc has also been a decided decrease in 

engine failures duo to l>ot bearings. .lourn.als lubricated with grease 
have been found b'ss liable to lie cut, and, therefore, have required 
less treqif..i.g tiir- ing np in ,.tlie latlic. It is jiointcd out that 
grease lubrication as apj’lied to driving boxes is practically auto¬ 
matic, and is, tlierofore, more inde[)i!ndent of neglect on tin part 
of the driver than is oil lulineation. As regards'Ai' incroasoil 
fricti<»nal resistance >lnc to tlie use of gi^asr. instead of oil, it is 
stated t''it it lias in no q,m' beiva 7o'nd noc^'ssary twrudneo tlio 
tonnage mtisg of a locomotive on account of yie cliango from oil 
to grease, but no 'lata i.s given tte to coal consumption. ^ 

Ill some loco ..o^v* tests carried o^t by tlie T'unns.lvania Ilaikoad 
Sfystotn at tin’ Louisiana I’nrcliase Exposition in 1*JU4 it was found 
that tlie l.ibrieation of loeumoti e a,x!cs by liard gioase incroiood tlie 
friction losses pijr axle by from 75 to over 100 per cent, as compured 
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ivitl.' oil lubrication. The f;rea,se, used was composed ilbout as 
blloWK ;— 

Oil, ..ej:.28-96 

Siiiip,.1 

W'aU-r. 


I()()-0() 


/V cal<o of this hard grease was i)ro.sscd against tlic.a.i.e by springs 
(K-aUid ill the kittom of the driving-bo.v cellars (underkeeps), a 
lerffiralcd plate being used between the axle and the cake of grease. 

Clarifie^ation of Lubricants. - fiiV /'’i//<'r.s.—Pedestals, wurni-whcel 
rises, spiiiiuV, bushes, and various other de,',criptions of bearings are 
low freijuently made to hold eomiiaratively large vo,bunea of oil 
which batlies all the rubbing surfaces, and by placing dishes, into 
ivhich the surplus lubricant runs, below the ordinary forms of 



bearing, a good deal of oil rvhich was fon.ierly lost is cclleetcd. Such 
oil contains finely suspended matter ipf various kinds,oe d is thick 
and muddy, being, in the majority of instane-ea, ohicHy composed 
of ef..efal oil, which does not heeome changed in charaetcr, it is 
(wssiWe to til'i.ir out-the sns]iended matter and use the oil over again, 
for, as a rule, tlie only change which has occnri jd is a slight ii«;roaBe 
iA the viscosity, dne to the e^-aporation of mineral oil. In this way 
all loss of lubricant,.other than that resulting from evn,fX)ration and 
pomsi, unavoidable waste, is guarded against, ,and the greafest possible 
ecoitomy secured. '• 

The snsjiended particle* a;-c inostly very fine, and, hdmg immersed 
in a fairly thick lirpiid, are not easily, removed. « 

4 filter (fig. 102), made by Messrs, Wells & Co., effects this 
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soparatio'i of the holiil matter from iTie oil in three atn.;rca, 'The 
muddy r.il drawn from tlio lescrvoirs and contained in the oil pans is 
placed inV.n upp'r settlin'' clmmhcr, in which tlic.'>iv''ir'r pai'ticlus 
slowlj' suit ido. iTom this chamhcr the oil is^<!rawn oti' by means of 
a sfJjiKiw pipe, wh cli floats on the surface and s'owly removes the 
clear upper liipiid, passio" it into a chamber containhif; a filter, in 
the coarse '“osh of which the largi'f suspended iiarliclea are left. 



Fia. U:i. 

♦ % 

The.oil (-nally runs into a^hner li||ef p.'d, fhrough \vhi<Ji it is forced 
by a head of oil seveiaf inches or feet :r. hcigll^ as the ease may ho, 
and passes into ■< lower cliamher from wliicli it can be drawn for uso. 
'fhe 6'tcr pad' are^oadiiy changed or cicaueij. ^ 

> r'ter o? different pattern, of wlfich a aiid u arc sections, is shown 
in fig. If3. The dirty (tjl is jdaced in the ehamh"r tt, to the bottom 
• of which water, dirt, etc., graviculc. The oil having freed ^itself 
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from tl’u coarsest am] licaviost iinpuvities, forces itself slowly through 
the chamher ff, wlihti has heen lillcfl with coiiipressed now' twist 
(preferably wh'le milileacheil), rises over the ]«rtil,ion 'uui tlicn 
filters through the clianiher /', also filled with com]>ressecl Jwist] into 
the chandler y, from which the clean oil can ho drawn off tlirongh a 
cock. It is necessary to heat the oil to I tO'- lll'd" F., nccoriiing t<) 
its con.sistoncy. This is done in the lower part of tlie (jiianibur a by 
means of a coil c, through whicli steam c.in be passed from the 
engine mains as desired. 

The essenlial features of a good oil-filter are ; — 

1. A ca/'/dons .setlling ehamher, ill wliieli the oil eiiii he warmed, 
if necessary to increase its fluidity, and ill wldcli water and dirt can 
.settle out. 

'1. Double filtering chamher.s, tlirongh which the oil passes from, 
the settling chamher (a) liy ii)iwanl and (h) by downward liltintion. 
Tlie tiltei'iiig material should he the liest wliite cotton yarn or waste, 
and .should tie oaiialifc of fieing comprcs,sed iiy means of an adjust¬ 
able screw. ' 

o. All arrangement for distrilmting the oil evenly ov-r the, surfaoe>s 
of the filtering jiads. 

Kril J-JJI'ertu of (frU, rfr .— Before rejecting any jiarticidar hihrieant 
because ditlieulty lias lieeii exfK'rieiiccif owing to tlic liea.Ling of the 
liearings supplied witli it, care must always lie taken to ascertain 
whether tlie fault ri'iilU- lies with the hdirieiiid, or witli inijiiiritics 
accidentally introdiieeiT Kngiuomeii are apt to think tliat a certain 
iimnber of hut bearings arc sure to occur, liowever careful they may 
he. jS'o doubt, even when the greate.st care is taken, bearings will 
occasionally run hot. ]fut in all such cases the heating musu arise 
from some irregularity, and the extent to which tronhle is experienced 
is, in tlie majority of instances, a measure of tin- capaeity of tl'ose in 
charge of the machinery to keep things in good ord~ Thus, as an 
instance, altliongh the quality of Jic oil used may he I'xcellcnt and 
very suitable for the piiiqxxso for whicli it is iieiiig used, still the 
engiiioman may be troubled with hot hearings, often, iiidee<t_ •'Ten 
extra care has been taken to keep the uiachinery m good order by 
giving it an ample supply of oil. This almost always arises from the 
presence in the lubricant of mechaniea^imjiurities, .-.ueh t.wot.nd, saw¬ 
dust, glass, vegetable fibre, mucilage, or ]ireeipitated paranhi. In 

'.."."areiit oils these are easily seen, hut in the thicker dark varieties 
they are ahmst .''.tirely invi.sible. When oil containing snoh im¬ 
purities, which it very chmmonly does, is pourcd4nto oil cups in- the 
uiTaal way, tl"3 solids are filtered nut. by the,trimmings, or settle to the- 
hottom of the rescrvojrj and do not get into the bearings. tUiit cpgine- 
nicn frequently go round th'eir ongiiieie and pour a little oil into the 
cndsf'bf the liearings, or even remove tfie triminiii^s or oil-padk and_ 
pour oil directly iipvon the learinj’ surfaces, and tlims introduce grit at- 
points where it can-ea.sily get between the rubbing surfaces'. Films 
of various kinds also settle on the trimmings, or obstruct the oil 
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passages, and prevcul Ihc oil from finding its way with the necessary 
freedom to tlio working snrfacea. 

Imporlin y of draiuinij all, Oi'. —In me a e'l.rr’ie-houses tlie 
dille^cnt .il.s rei] died are storiHl in iron tanks, frim '..inch they can 
ho driyvji us rwiui.od. Into tlicse tanks tlie luhriciiiits are puuiped 
from the i.-arrels snpjilied hy the oil merchants. To enable as much of 
the oil to he removed as is p.isadile, the |)mn]» pipe is passed through 
the buiigdiole and reaches (o within a very small distance of tlie 
barrel bottom. The oil, as it is dniwii out, tliiis carries with it the 
greater part of a.iy solid material which may lie there. To ])revent 
sncii foreign matter fr mi passing into the oil lank, a veeep*acle made 
of fine w'lre gaiise should he fitted into the manhoto oi the tank in 
such a maiftier that it can without iiifficnlty he taken out and eleaned. 

To still further reduce the risk of small jairticles of grit entering 
tile i^l-can, tlie lubricant as it is given out for use should be care¬ 
fully strained tiirough wire or cotton gauze a.s it is drawn from tlie 
tanks; for hoivever good it may 1m*, the fine solid particles it some¬ 
times contains, if, as we have Been, they should ehanec to bo 
introduced hetwi’cii the riilibiiig siirface.s, will give rise to excessive 
friction, o.uise overiieatiiig, and make the engineer feel uncertain 
whetlior lie is using a suitable ‘nbricaut or whether liis supply is 
really up to sample. 

When the loss which may result from tlie stoppage of the engines 
driving a large mill or ship, or generating current in an electric 
installation, is (.akeii into consideration, tills doulde precaution, 
adopted to prevent the introduction of solid matter, docs not seem 
uncalled for. * 

Gi'it may also be found in solids, such as natural graphite. As 
such solids mixed with fats are sometimes used to imt upon hearings 
which liave sufTored abrasion and lirennic overlieated, its presence 
may qui.e defiiitl the jmrpose for which the solid was applied. 

Lubrication of Bearing Surface*.— Liihricanls for Low Speciit .— 
Wlien tlie relative speeds of the rubhitig surfaces are less than 10 
I'cct .p." minute with abundant lubrication, or even greater speeds 
than tliis with siphon lubrication, the lubricant, instead of being 
forced between the lOiirnal and brass and parting them, is rather 
swepL fct' '.e sii -*, especially under high jircssures; the liihrieant 
tlion depends for its cfticieiicv ujioii its oiliiioss as well as upon its 
viscosity. As the actual loads which hearings will carry und ""'■Ij 
conditions without seizing depend largely u]iu’i the .’laturo of the 
surfaces iu contact ,*,18 well as on the oil us^J, it is n* ' possible to 
give move tlian very general figursB. Tlfe relative carrying powers 
of 0113, gi'iajes, and s- lid lubricants ea.i, howiver, he !ij*proxim:ilely 
stated, ana the engineer must^i. each case by (fbtual trial select that 
whicii gives tl" loqjit amount of heating and friction, « 

Dealing f'; tlie'hrst iiistaiico witlf those luoricants which ha^ the 
greatest carrying power^we luvc— 

(a) Graphite, soapstone, .oid other solid lubricants used dry. 
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Thci>' ;iricacy depends largciy nixii' the iiaHire of the rubbing 
surfaces, (irapliite, <br iii.sLaneo, gives the liest results wlien used on 
east-iron surfj'jees, sdiioh are naturally somewhat .porous. When 
these luliriciuiUs will not keep the hearing cool, the lilioi.-ited;,heat 
luiist ho carried away fiy a continuous stream of cold waocf; ,j)a..sed 
over it or tliroiigh perforalioiis in the metal. Thy wear and loss of 
power under such conditions are very great. 

(Ij) Solid Inhricants mixed with animal fats, greased, vaseline, etc., 
or rosin grease. Tlie.sc mi,\tures are very Biutahle. for heavy work, 
(,'S[ieuially v,hen metid works against wooil. llosin g'reases are 
largely in ,’.',1, for all kinds of rough woik, such as cart axles, tip 
wagons, hauli.ig machinery, cto.; Ihey give a small coelllcient of 
friction at low speeds, do not waste away very rapiilly hy ('vaporation, 
and do not run oil'the hearings, leaving them dry. 

(c) .\.xle greases composed entirely of aiiiiual and vegetahb fats 
or mineral oils emulsilied with water, .soa]), and sullicienl alkali to 
lU’iitralize acidity. These grixises are exeelleiil, hibrieaiits for all 
slowly moving shafts and journals whieli have to carry coiisiderahlo 
loads, I'iven I'nr lailway wagons they are largely 'i.'.ed ; for the, 
frietioiial rcsi.slaiiee is small at low speeds, and tram,, luhricatrd with 
Ihem are easily started. Care, innst, however, he laki'ii tlial these 
greases do not contain excess of water and are not adulterated with 
.such useless siihstauces as eliiiia clay; also that they melt as a whole, 
and that the oil does lUit rim down and leave the so.ip. This is liable 
to ueeiir with badly made grca.ses, and hot bearings are the rpsult. 

(■/) Fixed oils, mineral oils, and iiii.xtiires of the two. In selecting 
oils for very low speeds and high )ni>,ssnres, viscosity must he the 
lirsL ciinsideral ion, and next to that oiliness. This is jilainl} .shown 
by the experimental results in Table ,\('lli. on p. dlh. If an oil of 
suHieieiitly high viscasity he used, a mineral oil may give asi. good 
a result as, or even a liettcr ix-siilt than, a fixed oil fa mixture may 
give a hetter result than lUther. If an oil of sufficient viscosity he not 
availalile, then a fixed oil may he expected to give the best results. 

(.jood antifrietioii motaks .assist greatly in reducing tlie^fi'ukv,''!. 
Goodmiin found cast-iron hearings lined xvilh pure leaC'among the 
best under constant loads up to dOO llis. per siiuare incli and even 
liighei'. .Magnolia luetul has also hoeii,ijPUiid to give excidk.. t results 
umh r very high loads and under conditions of defective liihrioation. 

for Mdikraff Sjirei/a.—M speeds exceeding 10 feet per 
minute with alu'u,' mt liihricalion and 100 feet permiimto with more or 
less imperfect Inhricaiioi., a luhricant, in the case.gf a journal or slfaft, 
forvis a fairly^,thick film widch.wholly or almost wholly separates .the 
rubbing surfaces. The c.nidilions under whicli tills film forms have been 
fully dealt with in llio'cliaptur on the ‘ 'ylieory of Lubrication ’ ('p. 48). 
It m,.V be mi'iitioiied, hoxvevor, that when the jpads arc moderate 
(200 '.us. per Bijiiarc incli, or even more xvhen the luliricai-ioii ia per¬ 
fect) the friction and,also the formatiop of t.lie film are whilly due 
to the viscosity of the liijuid. But with heavy loads the bearing 
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mirfaocs’ari! Iiruu^'lit into c()iit!icl alii iHiint on tlio ‘ulT’ s.ilo o," the 
brans, and wlieii this is tlio case a minid possessii'i' mlinoss to a 
iL’arked lie^'rre is veipiired to iJieveid. eizino. ’ 

lil,tho >;i :o of |).,uio smTaees, siudi as slidojjdo.;}. <, Vi.-.e.isitv is not 
quifc * 0 , important a property from a lni)rie.itiou point of view ns 
oiliiiess, an 1 unless the lo.ads be small (7U lbs. per squaie ineh or 
thovoahoutsi. a ''issi lisod od or a mixed liibrieani must he used. 

In selfietino a lulu'icant for journals running under ordinary condi 
tioiis of siK'eil, greater atteiiliou should bo paid to viseosity than to 
any other property, provided always that the hwrls do note.xeeed dOO 
or 25tl lbs. per soiiare ineh ; ftir, by making the beu'in;,'' .urfnees of 
suitable materials, little barm wiil be done by the ■■ontael of the 
rubbing surfaces during the shin't slow-speed intervals of running. 
Tho lubrication must, however, be as perfect as possible. Indeed, it 
is owing to the imperfect lubricating devices so largely in use that 
expensive fixed oils have bi lie used m place of the cheaper mineral 
ones. These li.xcd oils are a[it to lieeome acid and to gum ; but in 
reservoir bearings carrying heavy loiuh, and pnqierly designed to 
give perfect lubrication, the objectiouiMile qualities of the lived oils 
which it may be necessary to use are miusked by a lilieral adud.xture 
of iiimeral oil. Indeed, this form of bearing reduces the frietiou to 
the smallest possible figure, enables a cheap oil to be used, and 
economizes the lubricant. 

for lieaiiugs cairyiug small loads pure mineral oils answer admir 
ably, the viseosity .selected bemg the smallest that will eiiahle the 
oil-lilm to form (iroperly. On the whole, the lower the speed the 
greater should be tlm viseosity, and the higher the speed the smaller 
tho viseosity. This apjilies with special force to mineral oils. With 
inereasiiig loads, especially if the lulirication lie inqierfect, it will be 
found that eoiisidorable wear and overheating will result unless lived 
oils be auded lint it is only in exceiitiooal cases, sneh as when the 
lubrieation devices are ]iOor, that jiftre fixed oils need be used alone. 
For locomotive engine work, about 25 per cent, rape oil and 75 per 
ce'p j’>''neral oil will g. iierally work well. 

Except in special cases, greases should not be used iniless mixed 
with a good iiiinoral ml, the oilmess of wdiich they increase. 

The Kgs ol railway vel^-des are somewhat excL'iitional. They 
have to carry loads of ;us mnc'i as 3t>0 Ihs. per square ineh, and often 
run at journal speeds of DfOO feet per minute, as well as very '.,..,.1^.* 
On this account, gre.it care has to lie taken in their ’ dnieation and 
desijjn. The beariiVs are made of white-met al or bronze, are long 
and;ian‘ow, are well lubricated liyia'ped puieed boiieatla the journal, 
and are iieut cool to some extent by the ra]Tijjily wilii which they 
pass through tin air. With pJioaplior-bB)ii/.o bearings, a mixtuie of 
33 pej' cent, of ninural oil with 07 per cent, of olk o oil is us^ by 
■me barge I’al*. .viiy company noted forits friedom from hot axles. 

Lvbrii vds fm- IJiijli ,.Nyie«'s.—tjuiek-rimuing spindles, dynamo 
• shafts, and, indeed, all kinds of high-speed bearings, require tyuple 
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bearhy uruas ami tliin oils foi'their,lubrication. The loads” carried 
piT siiuare, inch are C0ii8C(|UCi)tly low, and ,pu.re niineriil oils maybe 
usud with ii(hf|C;ita';e. There arc instaiices, liowe';er, where good 
luhricution is iiiiiKissible, and to miiiiniizc the wear a goodt fixc).l oil 
must 1)0 usud. Tlie hearings for such speeds should ahfai[s,bo so 
constructed as to kcc]i the surfaces well siijiplied ,with oil without 
w.asting it. When this is done, mineral oil oontaining about 10 per 
cent, of fi.ved oil answci’s adniir;ihly, for there is then little wear, and 
the frictional resisUnce is small. 

„ Lubrication of Miscellaneous Machines.-»-Tho spindles of small 
matdiiiies,*','.’,ich iis mifrlifs, and Mer dtiiralc merhanistm, 

arc generally" made of hard steel. They work cither in agate 
or other polished mineral bushes, or upon hard brass 'or bronze. 
The speeds :ire generally very slow, and the lubi'icalion ‘ impci’fect.’, 
The pressure's are also .small, generally only a few pounds 
or ounces per sipiarc inch. The smaller spindles arc carefully 
moistened with a bitty lubricant and put into po.sitlon. The spindles 
then have ihc capillary iraaces between them and their bearing' 
surfaces Idled with oil, which' 4 'mst often last Ibi' mmjy months with¬ 
out renewal. The essentiiil |)ropeiTics of a lubricant fur such purposes 
are th.-it it must be as free as possible from tendency cither to gum 
or thicken by oxidation, or to corrode metal, and it must withstand 
expo,sure to temperatures ;is low as possitdo without becoming frozen 
or unduly thickeneil. yiTic luhricauts mostly used arc ])or[)oi.so and 
dolphin jaw oils, hen oil, hazel-nut oil, ncatsl'oot oil, sperm oil, and 
olive (111. The od should ho exposed for some time to a temperature 
rather lowei' than that to wliicli the. iueclianism is likely to be sub¬ 
jected ill use, ami that portion of the oil which remains liipiid should 
he separated by liltralion and preserved for use. Any free acid 
should he removed by the process described on p TIS. A little good 
mineral lubricating oil may with advantage be mixikr^with the fatty 
oil. Whatever oil he used, it should he proved liy analysis to bo 
gouiiine and free from oxcoss of acid. Tlie, liilirijation of clocks, 
watches, and such small machines requires gn At skill and exper’’"^'e, 
and, uiile.ss there he no alternative, it should not ho a'.Aempted by 
any hut an cx'jiert. ( hi should he applied spai'iiigly. If too much 
he used, it is lirawii over tlie plate and .pie pivot is left iW-j:- ’ 

For the riiuj spiudles of ‘kHUc. marhincni, whicli rim in a bath of 
k.d at speeds as high as 10,000 or more revolutions per niiuute, ' 
iiiiiieral luhrici-if lu^ i.ils of low viscosity, not exceeding that of sperm 
oil at G0“ I*'., are used',' generally pure. Mule .{.nd tlirodh uphldlcs 
rcq'uirc an o’l of higher Visciysify, say froin two to throe times that 
of Sjierin oil at G0° 1<7 I’ltrc mineral oi' is irequcutlyaised^but a 
mi.\turo coiitaiiiiiig from Kt'to 20 per cent, of rotiiieil neutral fixed oil 
is pAferahlc, anil.-is used in many cases. For lofma a mineral oil of 
still'higher viscosity, aliout-l'S t'liues tliat of olive oil, ik used.In*"’ 
cotton spinning, some manufacturers still use sperm oil, either alone, 
or mixed with a limited proportion of mineral oil in order to reduce .■ 



475 


THF LUDBI' ATION OK MACHINERY 

t 

the tonSency to gnin. In wooll-in soiniiiiig, mineral oil of nbw.t the 
aame viscosity as oliwi o'l at 00° i'’. is used, also nine oil itself, 
aooorclinn' to tl'.c class of work. A i .all pure m ' lal oils cause 
obje»'tion.'.l'e stai is on cotton or woollen ^ou.ls, ttlncn can with 
difflctjtj' be whoby removed, it ir custoiniiry to use cither pure 
fixed oils, or min ir.d oils contaminj^ a large per<*entage oi fixed oil, in 
all cases wbere the lubricant is liable to be sjilaslied upon the fabric 
(see p. tG3). For this ri'ason, neatsfoot or lard oil is used for the 
lubrication of lare-malnii'j mitchtiii'n, but for some of the liglit 
bearings of lace inakiitg and silk-weaving machines ^wbere oil .5 
objectionable, graph le is used. _ ' 

For li'/Jit s. 7 (/'b /7 oo 0 ’// 0 (cs, mui■othi’)' ithids af tit'i..’fitfi in(if'h,i}iRTij 
TUiiuintj (c^kiyli niinei'al lubricating oil is used having aiiout 

the flame viscosity as, or even less Iban, tliat of s])erm oil, preferably 
uiixe^ witli from 10 to 30 per cent, or moi'o of sperm oil. 

F<tr si“irintj priidiii’j ititvliinwdnur Umh inid 

other ijoiiend ittarlnurnj^ shojtnoi^ rfr.^ a mixtnri' of mineral oil with 
from jo to 20 pm- cent, of ni'iitral anim-'. or vegetable oil is suitable, 
the viscosity of t'le mineral oil einjiloyed depending upon tlie class 
of maclune. The heavier the machine and the slower the .speed, tlio 
greater the viscosity needeti. An.nial oils as a class are prelet.ablc to 
vegetable oils in siieb ini.vlures, beeanse they arc less liable lo^nm ; 
and for the same reason tiie larger the pro|K)rtion of mineral till wbicli 
eau be u.sed the iietter, provided tlie iK-aringsare eilicieiitly lulndeated 
and ran cool. Among the vegeUible oils, neutral coco nut oleine is 
one of tlie least o.vidizable. fkmiotimcs otlier eonsideratioiis, Biicb 
as fluidity at low temper.atures, or ebeapiiess, are of paramount 
iinjiovianee, and lead to the cinploynient oi vegetable oils like rape, 
which are somewhat readily oxidi/Aljle. 

Dj/'-iaiiior IIrd molorr with balb or ring lubrication are Inbricated 
with mineral olT liaving from two-third" to about tliree times the 
viscosity of rape oil at ()0“ F., acSording to the power, weight, and 
speed of tlie maebine. The mineral oil is jircferably used pure. 

F ; '.Hiinn hearm/i- tforred or cireidaiiiig pump luhrkatinn) pure 
mineral oil is used having a viscosity ranging from one to five times 
t>'i-'. of rehned rauo oil at 00" F., according to the weight and speed 
of tlie am. the tcmpelir.tnre at which it has to work.^ 

For the forced luhrinUioii of Idgh-siieeil t'oihier, pure mineral oil 
of about twice the viscosity of rape oil at 00" 1^'. is suitable, c ... 
important that the oil used should sepanitc rea.dly f .im water, and 
bo e*nly filtered whilst in circnlation. ^ ^ 

Eor tb ! Sjdarh luhririiHi^t of hiiji-^ia.-1 sleiDn euijmm Willane tiipe, 
charcoal dltered mineral cylinder oil of medium viscosity mixed with 
a very little (2 to .O pel ceut.^ of lard «1 .answers well. The 8am» 
oil slu'uld be i e^ iir the cylinders of the engines. The prois^tioi 
of oil to wai.ur in the li.ath should nc ah. ut one to ten. Soft watei 

should le used. • • • i -i . • 

For locomotive and tender axlee and machinenj mineral oil ti|vin{ 
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from' Uvo to four timos tin; viscosity if rape oil at GO” F., mixi;d with 
rcliiiod rape oil in tlip pr()|>orli<)iis of tlireo-of iiiincral to one of rape, 
answers well. very heavy locomotives, espcsially pi warm 

weather, it is dcsir.-ihlik to iiicreii.se (he viscosity of the i/ixtiiK by 
the addition of some };ood mineral cylinder od, but darkrifatiiral 
or reduee.d oils must not be used for I,his pnrpose/as tliey interfere 
with the free, siphonin;; of the oil thronph the worstei’ trimming. 

In hot climates castor oil is nsi'il. 

l''or marine cmjinc malhii,, and mwluwnj icorkmij in hoi plarer, 
n'ineral oil is iiseil in admixture with hlown'or thickened vegetable 
(usually v.'i(A'),/iil, the latter oil forming from Jf) to 3,'i per oent. of 
the mixture. • ’ ^ 

For the hthriraliou of skam cnniiit nilinilrnf heavy mineral 
cylinder oils should be used, mi.\ed with from -G to d-d per cent.' 
of rajte or other fixed ml, according to eircumstanees, a*ways 
endeavouring to reduce the pioporlion of fixed oil to the lowest 
]iroportion neces.sary to ensure eliicieiit lubiicatiun. In some cases, 
pure mineral oil must In' fl'pil, or no oil at all, as m the cylinders ' 
of marine and other engines 'working wilh surfac! co.idensers the 
water from which is returned to the iKiilers, In such cases it 
would be dangerous to use lixed ml, unless the eondensed water 
were "'implctely piirilicvl from oil before being returned to the boiler. 
Lnliricalitm is improved by mixing a small ipiantity of grapliite with 
the cylinder oil, but ni^'ss the mixture be kept eontmnally stirred 
the grapiiite settles out and eanses trouble. (Ihapman’s automatic 
cylinder hilu'ieator, described on p. too, has been specially designed 
to feed sueb mixtures, i'hapman it Knowles have also p.iteutcd a. 
mixture of gra])hit.e ami glycerin for the lubrication of steam engine 
cylinders. The graphite is impregnated, before mixing it witli the 
glycerin, with a siillieiont quantity of jjotrolcum ,',ua other l.yilro- 
carhon insoluble in glycerin to reduce the specitie gravity of the 
mixture to tlial of the glycerin, finis causing it to remain in suspen¬ 
sion. Special advantages are claimed for tlr.i^ ‘ oildcss ’ lubricant in 
cases where the condensed water of steam eiipmcs is iise^ for feef.'"' ig 
boilers. For further remarks on steam eylinijer and viiivo lubrica¬ 
tion ,soo p. 'IS:!. ^ 

Fo. tjar fiujiim eijlindcrr an oil ve'J'y largely use-d Ib^iT mixture 
contain ing, approximately, 1)0 per cent, of mineral oil and 10 per 
'’oeiu?'of neutral lived oil, the viscosity of the mixture being aliout 
the Kami! as I hi^.. of ra'pej-il at C0“ F. In the working of these engines 
carhimaeoons d(;i>o.sit.s arc, liable to be formed bj* partial eombnStioii 
of Ehe lubricafiit, eaiiecijally wlrjn"uccd in ov.ccss, w hich not only'foul 
the cylinders and pi^'sagos, but, with high compressions, frequently 
causijptroublesome pra-igniiion of tlfe explosive gases. ICor^tbis 
rcasi?^', the minei'ld oils selected, for lubrication eshould,be such as,,, 
have undergone very carefifi rcctilicfitiion and show the least tendency 
to decompose and deliosit carbon wheiT IreateJ. They should also be 
oils of low volatility, i.e. not losing appreciably by evaporation at * 
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working teraperalurcs; and it would (crlainly appoar dcsiraMe to 
exclude as far as possible any admixture of fixed oils, seeing tliat 
tlieae not papable, as arc the mhicra! oils, ofib'ing volatilized 
witlyut 'Jei'otnpos tiuii. The use of pure mine’'a' oil., jf suitable 
via^oajt^'and low olatility has been foundgive excellent results 
in the auth ir’s ex|KTicnce with gas engines, as well as being cleaner 
in use and cheaper than mixed oils. VeiUdi ^Vilslm, however, 
informs us, as the result of extensive pmeliral exjierienoe, that many 
oil eugincK can only be run with either ])ure lixeil oils such as olive, 
lard, or neatsfoot, i r v^th mixtures largely composed of siieli oils 
The (Iciiosits which are found in gas and oil engine e: iinders .arc 
not always wholly lornied from the luhrieaiit. A de. osiL of carbon 
may someRmes lie due to me.om|dete combustion of the gas or oil 
vapour, if the air sujiply is deficient; suljilmr and eumpounds of 
sulpljur not infreijiiently met witli are derived from tile luel. We 
give analyses of three deposits, two taken from tlie jiisUins of gas 
engines, and one from a gas valve ehamla'i', which have come under 
our notice. 'I'he tirst was from an engine lubricated with a dark 
lliissian mineral oil, and is a typical ".s-engino cylimh'r deposit. 


Noii'ftily ftrgniiic. niatler (cliifJly carlM>n), 

. rt!)*s 

Oily ami resiiums luuUw, .... 

. 

Sulpliur (fnv),. 

i 

Ffivii' anti ffrmus sul}»liaU‘s (ho1ii}) 1{* in walm), 

. li 

Asli (cliiOly ifrrin .... 

li-i 

VVattM-,. 

. 1 •<; 

✓ 

itKH) 


The second wa.s from an engine lubricated with a jiale American 
mineral oil. Tlie aniinonium sulplute was due to imperfect wa.shing 
of tile gl's. 


Non-uily oi'i^jinie matter, ». 

. .'..S-I 

Oily aiui n•^mon8 mnl.fer, 

. 17-1 

Sulplnir . 

■H 

Aniuoiiinm h-nlpliale, Hr., ‘sninlik* in water, 

. Itt'T 

Asli (cliieily nxm oxitir), 

S'O 

V'^uter, . .... 


«r 

lixri) 


The third, found in tlie gas-valve chamher of a 

gas engi, 

remarkable in contidninghO jM!r cent, of free .snlphu. 
from the fuel It Vmtained : - ^ 

e'".'irly derived 

* * 

'ri;esnnMmr, ... . 

Uit Holumt* in rtlior, . . ^ . 

.* .oO-O 

. I7'<i 

Ootnbh •] fatty I’ti’., 

. i:t-o . 

A^J (i iron an<l riij)|M'r||.vi'Ios), 

. 15-0 ■■■ 

WaitT,. 

1 

uio-'j 
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T1 T l.ibvicatioli of nmlor cau^ is a special oase''of the hibricJition of 
liigb-Hpoed giis and oil engines and )naclilne.' 7 . Kor the ebamber 
Inbrioation of’M-e engines, uiinm-al oils of high viseo-sity ’must be 
u.sed, on aeconnt of the high working temperatures, and t-hoy (Oust 
bo selected for petrol engines on the .same principles .as foV tnd 
oil engines, ?>. earefidly reotitied oils from good crude petroleum 
must be used, not i-eadily deisanposed by lieat, and not losing 
a|)[>recial)Iy by cv.aporation at working temperatures. Vvlahhor the 
mineral oil la; used alone or mi.wd with li\ed oil, and what propor¬ 
tion of lixcil oil should he added, must ilepend upon the conditions 
which obtT.ei in the p:irticnlar engine. Kor lie machinery nf motors 
Inladcatcd on .he cii’cnlaling pump system, wlieri' the oil is drained 
from the bearings into a ntservoir, (iltered and re-iiseil, tilO lubricat¬ 
ing oil should be ]>nre mineral of no greater viscosity than i,s needed 
to keep the bearings eesd; .any rkstaisity m cvce.ss of this involves 
inci'oased friction .•nid waste of driving jwiwor. Motors biliricated on 
the (b'op sight feed system s’lonld he snp|ilied with a mixture of 
mineral and Used oil. lA.?-certain hearings, grease cipis are u.sed, ' 
and for these care should he la’ieii tfi select greases whi.di melt at a 
suitable temperature and do not seiKir.ite, /.c. tlie ml in the gia.ase 
must not run down and leave the soap in the imp, but the grease 
must melt as a whole. 

Kor the cylinders of .sVw/K'/ao/oA fitted with fla.sh boilers like the 
‘ .Serpollct,’ till! ‘Miess^ or the ‘tllarkson,’ ebarcoal-filtered miner,al 
cylinder oils are preferred. Kor tho,se fitted with multi-tnbular hoiIcr.s, 
like the. ‘ Locomobile,’‘ White,’or ‘Diiryea,’ natural mineral oils of 
high ilasbing-point are used. '■ 

Kor ■•■■luam hnvs, IrwIwH etiiiiwa, etc., which work af high 
pressures, exhaust direct to the atmosphere ami, as one maker s<'iys, 

‘ cougli ’ the cylinder oil out with every stroke, heavy dark oils are 
good enough, ii.sed pure for superheated and mixed witli rape oil for 
saturated steam. Kor the sp!asn”luhrieation of the engines of all 
steam motors and lorries |mrc mineral oils must la used, to avoid 
emulsideation with water. -o 

The hdtUmirimj* ami chahi phis <if ryclfs anil iiiiihir AIiIHck work 
under heavy jirussnres and eomparatively slow nibhiiig speed.-, 
the slip of the eontact fiu:i"i of the Ijalls ujioii theirsur¬ 
faces IS very small. 'J'he eumlitions under which slip takes place 
miT.3h cases, and the real part a lubricant plays, can only be 
explained by the theory of (Jsborne Reynolds (see (Ibapter 1., page 12). 
Here wo are coucerued rather with wear than friction, and taioh 
friction as c.vists is low sjieed. ’On this .account a good neutral 
ivnimal oil or fat, pure 6r mixed with a fairly viscous mkioral lubri¬ 
cating oil, is the most suitable. ’I'he ciaiii of a cycle oi motor, both 
as re^j'i'ds the fi'ic&n of the pins and of the links .‘m the teeth o,t the, 
wheel, works under coiiditio.is wliich reipiire a good grease or a good 
fatty oil. Sperm oilsiiixed with a litt'e .vaseline to thicker, it, and 
with iilumbago to keep the surfaces from grinding if they should 
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become *a little ary, answers wen loi-'eycie cnains, Kiinf'oon/eily 
mixed witli ('rapliito (I’-ice’s ‘ llmigrapliiue’) also gives rgoud results 
and lasts well. .Kxoellent re> ills art also olitai.iedjt/ riumiiig the 
eliaiijthr^r'li a bath of pure sperm oil, or a niixtme oi good mineral 
oil wit^i^i Utile "edi 1(1(1 animal oil, ••■liieli is iTeld in a suitable ease 
secured to the nmehiiie. I’ure minenil oils seem ipiitc misiiitablo, 
as with thorn the hearing anrlaces are apt to wear nmluly. Kxeopt 
whore an off-hauh is useil, a thick oil or grease is necessary for the 
chain, as a thin lii|uid rapidly runs oil'. If iiro])eily protected from 
dust and dirt, ana suitably hiliricated, a cyele eham oiighi not *ju 
require, tightening np more than once or twice in a ;,e.ir. y^or motor 
ehains, a neutral aiinnal fat or gold neutral grca,sc .'^lap-lhiekeued 
oil) ini.Ncd «'itii gra]ihite is rceouimeiided, .such as I'rice's ‘ (.lirogcue,’ 
which is a lubricant of this nature fiirtlw'r stiireiii'd by tlie addition 
ot waj. 

For I’ci'i/ lipn/’i/ hi’ai'iiiijit, solid snbstaiiees, sucli as soapstone, 
grajihite, a.shestiis, etc., arc sometimes iisi'd as lubricants. 1'iiey 
cannot easily he sipieezi'd or senipod frt^hetwoeu ndihiiig surfaees, 
ami an', coiise(|Uijjitly, suitahle where j^'y gieat weights liave to he 
carried on small areas, and where tlie speed of rubbing is not high. 
Indeed, some solid lolirie.iuts wid svistaiii, without injury to tlie 
surfaces, pressures under whieli iio liquid ones would work. As a 
rule, the bearing surfaces are iiuidc of e.vcee(liiigly hard imiterials. 
Jletwecii east-iron surfaces plumlKigo has lieen found to give good 
results. T. Shaw found it to tie superior to nil for tlie tables of heavy 
planing riiacliiuo.s. 

For the hnt-itixh'a of mils, pities of various kinds are used, alone, 
or nn.iCvd with lieavy mineral luiiricatiiig oils, or tlie latter may he 
thickened witli soap, etc.; see p. Idl. 

.Ui)r/iinery. — In liydranlio tmudiiiii'ry many of tlie 
rulihiiig burfacei^of tiui Kpiiicllp.s, valves, ■'tc.,are in a great measure 
ballied in water, and sucti hihricant* as can he used fur tliem must be 
carried by tlic water. When the same water is used over and over 
n 'xed with as inAeli fresh water as is necessary to meet the waste 
duo to leakage tlirougli glands, etc., it is treated in tiie tank from 
it iij pumped and into which it is returned from the maehiiics. 
In 8ueltV.Sw., soft oap alone j^'pears to he the host luhricaiit, but a 
little mineral or latty oil ma;,' be addl'd. Tlie soaps formed in or 
added to tlie water coiieentrate upon all the surfaee.s with wliii 
fluid eomos into ountact, and form very tenaeiou‘>iiliimwMeli [irevent 
the (fitting and grinding of the, valve, faces. *• 

W.huv the watci is ohtuhiod froiji Slryt iliaius, and is.passed after 
use into tlnulraiiis, theluhrieant is gene.'ally iTihleil drop by drop by 
means of a iubrier tor actuated i^echauicali}' by too liydrauliu maeliiiie._ 
The rate of snj\ ij ^ thus regulated in HCeoriiaiiceith tlie vpSme 
'of wp?("' pasShig. When the pressiffe is \» low 750 or 800 Ihs. qier 
square iw.'li, a mixed myier*! s-ud animal oil aaswers well, hut for 
ihiptber pressures .soft soap is a better lutiricaiit. Hydraulic rjgims, 
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slidu'^, guides, etc,, in coni cKmates may lie lalinoaled witfi tallow, 
[irovideit it V.e free from acidity, as this luhric-mt doe.s not alter much 
at ordinaiy tC(iniera„m'cs. ■' 

Nnlt<, ki'i/H, lie. —'I'o enable nuts, Imilcr wash-ont ]>lugs, ,koys,, etc., 
to be easily placed in position, and removed again after ,s,/ajK},ing, it 
may ho for months or years, in warm places, a Inhricant i.s reipdred 
which keeps its nature and does not evaporate-, corrode', or otherwise 
injure the metallic .smfaees. For sueli jiurposes, talk w,'l!v uther fat 
or oil, or greases eoiitamiiig them, should ou uo aeoouiit he used, 
fjlo flouht they make the nuts, etc., wurk freely iu the first instance, 
hut iu a ‘vi'i’v short Lime tlic f.it undergoes a chaiigo whicli efrectually 
corrodes the surfa'a'S together. Kveu a mineral oil, although it does 
not set up eorrosiou, Hows out oi the joint in the couils' of a few 
hours when heated, eva])or,ites, and le'ives the surfaces free to ‘hind.’ 
To prevent this, the be.st plan is to make use of a luhricant eonsjhi,iug 
of a thick mineral eylinder oil or petroleum jelly mixed with black- 
lead. Here, even if the fluid or semi-solid portion of thi' hihrieaut 
should he driven out of Ihm joint by capillary forces, the black lead 
remains iu the joint, keep-, tnj-nuts, etc., free, ami enables them to 
ho easily tighteiaal or taken olFal any time without, risk of breakage 
or damage. 

However, there are cases where no luhricant must he used, sucIi, 
e.j/., as tlio nuts of the lailts securing fisli jilalcs to rails, which, if 
luiiricated, would iie apt to slacken hack. The .sa.me may he said 
of tlie holts seeui'ing Aany of Hie parts of maehiues .subjeet to 
vibration. 

Boiler FiUiwjs. —The valve .spi'^lles, valves, ete., of fittings' 
attached to steam boilers are apt to work rather stiflly owing to the 
ditiiculty of lubricating them, and the rapidity with whieli most 
lubricants leave tho heated surfaces. For them the mixture deijcrihed 
above for nuts, etc., answers well, the lubricant iu'flll eas.'s homg a 
mineral cylinder oil or grease coiw.iiniug a lubricating solid such as 
black-lead or Freueh chalk. 

The glands of low-jireasiire boiler tittings may he packed with hemn 
or jute soaked in parallin wax containing French chalk r black-lead. 
The rofl luiliil tuhrieml Biimlil on no nirmMt he a fo/fi/ oil or (o;enxe 
Such lubricants attaek the metallic, .- ''rfaces with wlmr tl'.ry come 
into c ntact and cause the glands to leak. I'br high pressures, or in 
facuy hot position.s, the hemp must In rejilaeed by asbestos cord or 
metallic packii ,gs. i 

Some eiigiiiemcu ha\'^' ;«loptod the practice oF putting oil, op, the 
waste water from their cylinder lubricators into sti-am boilers, either 
through the iiljectoi's 'ui- into tho feed wutel'. This [imetieu is one 
which should no! be adopted under aivy circumstances, for tho 'acids 
thuwgia.ssed iiit.o the miilers or formed there by di-compusition of the 
fixiH oil which most eylinJer' lubricants cunlaijf, give rise to or 
seriously accelerate<tbe rate of c'irr(isi(>u wlneii often results from 
the strains set up in the metals by changes of teniperatnre, etc.. 



481 


THE^LUBh;CAj!ioR OF MACIIIKLKY. 

Lubrication cffectet] i.'i this way not, o' ly endangers theli.'''s of fiioae 
who adopt the plan, hut is sure to seriously aliorten th(» life of the 
boiler, C'MciallY if the water he sol . If the ,ter '■) hard, greasy 
depo“it8 are fcirn ad, which arc apt to cause overl.eal.og and collapse 
of (Jues, m • 

GuUiJtg Tunis.- -The cutting edge of a tmil, such as that used for 
a lathe, drill, slotting or other machine, is, owing to its hardness, 
enabled to f inUed itself in the softer metal. When the metal is being 
worked, especially if it be a tough one, heat is develofieil, not only 
owing to the fri, i,iou ^igain.st tlie tool, Imt also oi.'ing to the distor¬ 
tion sutl'ered by tlie strip cut oil'. A large jiropertion o'' the heat 
developed distnlmt.es itself in tlie ina.ss of metal, "'t 'le some of it 
spreads to^lie loid, i-aising its temperature and oe.casionally seriously 
injuring its tem|)(n'. To jirevent lids, a stream of liipiid is directed 
;.g,.iii,st the tool. Wniev is gcnenilly used, hut owing to the rapidity 
witli which ])lain water rusts e'lcaii iron surfaces, il. has to be rui.xed 
witli soa]) of some kind, wiiicli also acts a.s a lubricant. 

At til,: cutting point there is ac'ital metallic eontiicl, and tlie 
friction is mainly Unit nf an uiilnbri'.iLed’surface, i.r. tlie friction 
decreases with uici’ea.sing sjieisls nf enltiiig. The increase of speed 
eoiiseipieiilly decreaso.s the load on a ilrill, altliongli tlie heat pro¬ 
duced may he somewliat greater. On this imconiit it is well, should 
a drill break, to lirsl try a liiglier ratin'.• than a lower speed,'*tfi\less 
llic lieatiiig effect prialneod be already too bigli to admit of sncli 
a change. 

Ill many simps thesju'oils of macliiiies arc lower than they need he, 
for it is soiiietiiiics assumed thi^,*hieakage.s can only he prevented by 
riini'iii'' at low spends. Mineral oils, heiiig deficient in oiliiiess, are 
not suitable for higli-speed ttxils wliich require good lubrication. 
Fatty oils .such as lanl oil, or a mixture of soft soaji .and soda, from 
14 toll' lbs. of- jweli to 100 gallons of water, are greatly superior. 
The water, having a bigb speeificjicat, kcc[i.s the tools cool, wliilst 
tho soa]) and soda imjirove its Inliricntiiig qualities as well as jiveveiit 
the surfaces from rusl 'ig (sec p. 131). 

• the exact ,e(Veots pr.idiiced by a lubricant upon the working of a 
cutting tool, at least lo far as driving iiower is concerned, are not 
'^‘^'''ofeii'’.>.i.’i.’,'t'bloi. '. That thy bibrieaiit ]ienetrates 

to the iioignlioiiriiood of the cutting edge is shown y'" " \ 
by the increased siiioothness of tlie finished surface, f ^ 

and by tlie greater force required to keep tlie tool 1 ,/a' 

against tho work.. The lubricant finds bs way 
almS.st, if not quit#, to tho eutti];g edge through Fin. iri4, 
the gap 'it A (fig. 15‘). 'I'ho edifo of „n8 tool, lieing ' 
lubricated -jest on the side A nearest J,hc wfrk, is uiiahle to dig 
in and tear tl r metal, whicfi is, therefore, fiiii.“hed smooth,^nd 
liartiaily biv’nisheif All bearingswhould finished with a aery 
sharp ind wcll-liihricatcd tool no emery being used if the metarhe 
at all soft. 


1 
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S*eam Cylinder and Valvti. lubrication—iVnito-e o/.— 
AlUionpli il/j's ])()ssibl(! to so lubricate the cylinders and viilvos of 
a steimi eiigiiKct'.baM-bcre shall be no exeessixe wear, it is i’-ipossiblo 
to obtain aiiytniny bke the results, so far as friction is eonecnied. 
given by a welMnbrieiitcd journal. The jiistons and valves mcivQ to 
and fro in straight lines, and do not tend to autoraatioaliy^ place 
themselves in soeli |iositions as to trap the oil propfrly and keep the 
surfaces from touching. Neither can the large extent of surface 
exposed he kept flooded with oil, the passage of live steain through 
the valve-chest and cylinders not adniirtiii'' the iiresoiiec of large 
qnantitiioyif oil. We have, therefore, to be content with the presence 
of a Inbricati >g lilni of no great thickness, ai. 1 eitlier make the loads 
on the bearing surfaces small )•" cause them to move,,somewhal 
slowly. 

||'or a, proper understanding of the conditions under wdiich .he 
efiieient biliricatimi of steam-valves and eyliiiders takes jilace, it is 
necessary to consider at .some length the physical properties hotli of 
the luhrieanl and of the steam. 

Kraporatiim of Oil. —Hv( i.-„at ordinary leni|ieratnres watei-, wheli 
in a dry almos]iherc, evajwaics, the vapour mixing with tlie-air 
and making it moist. Hneh evaiior.ation goes on until tlie air i,s 
saturated witli moisture. Hoinewhat .simiiar conditions occur at 
the itlv surface of a mineral oil. Such oils .slowly evaporate milil 
their. vapours saturate the air or steam in euiitaet with them. 
With ordiniiry he.arjjtgs at ordinary teinperatiires there is very little 
loss by evaporation, when oil of gooii ipialit.y is tised, hut at the 
high temjieratures of steam cylindo^s serious loss may occur, for 
not only is the tendency to evajionite increased, hiif the oil vapour 
is rajiidly carrietl off with the great voliiine of steam jiassing 
thrniigli the exhaust. On this aeeomit, mineral cyliiiiler oils should 
he earefully tested as directed on p. 1!)1, and all '.hat are unduly 
volatile rejected. ,, 

Ihmiiiptifiliim of Liilirimnlf. —Vegetable anil animal oils arc unsuit¬ 
able for cylinder luhricatioii, ins, in contact wjtli .steam, at the high 
temperatures to which they arc subject''d. they nmlerg[; a ehcinicai 
change rraiibing in the formation of tree fatty acids (p. 1 Of)) which 
may give rise to very serious eorrosioip^ In many ms(iij^;..eeR,^tifc use 
of such fatty liilirieants li.as resulWd in the cylinder Tnctal being 
_^i)fj/}rod quite spongy and porous in the course of a few years: bolts, 
valve-spindles, studs, and other parts have been cut quite through, 
and cylinder joints, etc.,,rendered leaky, 

The steiiin pas.sages iJ.so bepomo choked With metallic soaps, 
oxides of iron, and freq,carbon, resnlting fiom.tlie clieinieal actioh of 
the fatty acids ujion Uic cyhnilcr metal and the dcstrnot'.vR, deooni- 
'posjjtjon effected by heat and higli-iiressnre steam. In locomotives 
thcjiJil thrown against'the hot hjiuit-pifio, and ovexi that.,adhcx'ijg to 
the ports undergoes destnietive distillation with formation of a 
carbonaceous dcjiosit, wliich accxxmulates'anii gradually blocks up the 
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passage*. A piirlialfciialysis of -iin;!) < dcjmsit scnijieti fni.ii a ^istoii 
head is given lieluw. 

Fixe.: iarli*)i.• «?*■ 7 

^lly(li;H'.U'l«iii Miliitilf ill I'l.licr, .... . 7 .'li 

, Neill,I'-.l fall.y il,.* . S'UT 

acid.s. tioe, fiiid cimitaiivil ivilli iiictallif (i.xiilo.,!,. . li'.aii 

Asli ; iiliicll , «xiili'.s Ilf iriin, willi 'iMi.'ilIi|ii:iiitilii‘«iif cnpjirr 

11 ■ U', ll'llll IlMlI", i’ll’., ... . . -NW) 

Moisl.urc, *, . . . . d-l 

liiidoterinined and los-,.4'd(i 

• fldO'dO ^ 

Fatty oils, limvpvor, wlieii mixed iiitli iiiiiirml iiii.s, !#!|U.iiitilie.s not 
c.xceediiigii to per cent., do iim .M‘cm Ui piislncc these ohjeetioii- 
a'llt! results .'o rcndiiy ; indeed, the Inlirieiition of jiarts wliieh have to 
;a..j^very lieavy loads is gieiitly improved liy the addiliuii of .sncli 
oils. 

When siirhiec eoiulensers are used, and the ooinle.iiseil water is 
igain pa.s.sed into the Isiilers, great ca.unjust be exercised to ]irevent 
the passage of the ml ii.sed for the lijiti'ieafion of the cylinders into 
them. 'I'allow,'snet, castor oil, anil other animal and vegetable 
Inlirieants must not lie iiseil in s l••ll eases, even in small ijiiantities. 
For the acids lilicralcd by the action of heat and wai.er vapoiir jia.s.s 
into the boilem and i-aii.se serious eorrosion. These aeiils eaimiit be 
separated Iroiii ilie water by merely allowing it to rest for a time in 
a tank ; they remain to a large extent sn.sjiended in the water, gii ing 
it an opalescent appearance. iMineriil oil also reniains .sn.spmided in 
condensed water in a very iiij^^tate of division, and even though a 
coiibid'Table i|niintiU may rise to the surface and he removed, 
sultieicnt may remain in snajieiisioii to prodiiee veiy serious elleets 
upon tlic ilne,s. Indeed, if.s preseiiee may so elieek tlie jiassiige of 
tieat tli nigh ti» iioiler plates as to ca"sc thorn to collapse. When 
the water is pas.sed tlirmigli an •flieient filter before entering the 
boiler, and is thereby maili' bright and clear, no corrosive action 
appears to take plaee,*,hu grease, etc., being for all practical ]inrposes 
eliminated. ^ 

Thy deleterious el'i'cts produced by the action of a Inbriciint on 
maril,ci'oi’^S w.-on snrfaco ciindensoi's have to be used, have led to 
marine engines being run v iilimit any direct lubrication wliatever 
of tkoir sleani-cliests or eyiindens, lliongli a certain anionm, 
finds its way in from tlie swabbing of piston»rodi^,e.;'. This can 
often lie done witliout any very serious wC.r raking iilaee, for llio 
loaiT on the rubbing* surlaecs of niasiy wctt-ilesigned ei^gines is iKry 
small, Inf ijith new'..igines slow speeds mutt bo adojited to begin 
witli, and |fio .surfaces allowed^ to ‘ burnish ’ aifl acipdre hard .skin^. 
For remarks m, tft^ use of grajjhite in eylinder oil^, and of miilitircs 
of gljeeriiiw-id grajiliile, see p. 47*. , ' ' 

Appiii'aHon of Cijlhi'hi- ard Vulvc Anlrira^is.-^ Even "'lion the 
lubricant used for cyliniters is a good one, it is sometimes found that 
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tliu parts arc iniijerfcctl}’ lnlurcated^ This mi'y arise from several 
causes, most'-if wliicli, however, can he traced to superficial tension 
phenomena. „ 

It inis already heen exjilained that water will not touch 4he ojled 
surface of a solid, aifhouoh the relative superficial tLiiBi 9 p 8 i. of 
metal, oil, and water are such that the latter has a greater' ailinity 
for the metal than oil lias, lint oil cannot be readily moved from a 
metallic surhiee hy water, for the oil is nearly insuiul'le, ,.hd evapo¬ 
rates very slowly. (tn the other liand, water may he readily replaced 
b’f oil, owing to the faeility with which the water cvapor.atcs and 
leaves a 'conijianitivcly (di'an surface for the oil to cover. The 
superior alilniry of a nietallie surface for water rather than oil is also 
shown by the rapidity with wlii'h water will dispi.uic the. til from a 
bearing where there i.s abra.siou going on, and will cause it to run 
hot. The. presence of water in a steain-e.ylinder or steam-eligLu is 
eouseipiently deleteriooH. The friction of the faces rubs oil' the oil, 
and if water be jire.sent in bulk, it covers the surfaces, ,an<l if the 
loads 111 ’ lieavy, they grind^.nd tear in the absimce of a Inbriciuit. , 
The condi'iisation whii’d. t. k<‘s place in a lone stemmpipe will 
often send .so mmdi water intii*' the engine cylinders tliat lubricatiuu 
becomes impossible. To prevent this, sejiarators an; fitted so as to 
dry the steam befui'c it is used. A vertical e.vhanst. pipe not fitted 
witli '^(ir.aiii pipe to I'arry away the water will also cause wear and 
tear of tin; v;ilves, for the water condensed in the cylinders cannot get 
away freely. Idllien is often experienced when valves are placed 
on the top of the cylinders, for the water in the cylinders ;iiid steam- 
chest cannot escajK', but remains or.the (;ylindev bottom and the 
valve faces. 

The l-> v;ilves of non-compound high-jiressiire engines, especially 
wlien not balanced, preas vciy luxivily iijiou their faces, but the 
.stroke being small, and the speed of rubbing low 

'_, I tlie beating ell'-cU is not large. The pressure upon 

‘I i | them, however, is so great, that where at their ends 

■' I tliere is any considerable leegtli of valve seating 
[‘'ill IW which, owing to the short stroke, is no/- exposed to 
the steam, the surfaces are apt to grind and ^tearj^^ 
To ensure the proper lubrication ol'^this piart of tlm-valyCi face, 
groc es may be cut in it, as shown in iig. Ifif). 

v".'i have in a iirevions chapter described one or two forms of' 
lubricator clesig''.'il te sto.adily' introdnee a lubricant into the steam 
spaces witliout '.'iitailiiip loss of either steaip or oil. Such a 
lub-icalor is generally placed aheve^ the ])oipt where the steam-pipe 
enters the steam chest. It must' not be i,laced aboye the main 
stoain-valve, for when the ei;gine is not at work, tlie stcam-pip'e may 
beer ue filled witji condensed water and tlic lul^ificaior allowed, to 
fco(i""'into it. rdsing dp the w„ter-logged steam-'pipe, the oil will 
flow into the builer,.and may cause serious injury there. The jape 
conveying the oil from the lubricator snould'be carried well into the , 
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ateam-f5ipe, so tlial -lie lubricant r.i,.y be delivered iniu the Yapid 
current ot steam and not alloa'cd to run down the side# of the pipe. 
Indeed it is a ’.'ood plan to carry tla* oil-suppiy p i' juoht across the 
stetm-pi e. am. allow the od to escape throUi.h a number of side 
part'orations. V> hen this is ilon;, the oil eScapes at several jaunts, 
is wolf distriViutcd over the column oflsteain in the stcain-jiipe, 
covers the surface of each jiarticlo ot water jiassino with the steam, 
or is cai'Ded ■as spray to all parts of the ste.ani'Chcst. The water 
particles, being covered with a pellicle of oil, then hibi'ieate instead 
of merely wetting wilt water the surface.s upon whieli lucy impimje. 

Manageiuoi'.t of Machinery.— ('Inmliiiras. -On. of t’uV.lrst points 
to be altciideil tj, if inacbinery is to be kept in g.'iod order and 
work satisfactorily, is cleanliness. We have already pointed out the 
necessity of keeping grit and dirt of various kinds out of tlie liil)ricaiit.s 
oseii. But rapid wi'ar and even overliealing niny result from dust 
blown about the engine or iiiiieliiiie room. On this account, projicr 
care should be taken to jireveiil (he atoumulalioii of dust in corners, 
louvres, etc., for in windy weatiii r ■ is liable to be suddenly 
scattered over the machinery. Ind cu, every jirccaiition should be 
taken to prevent the admission or grit and dirt, the lloors being 
moistened and swojil rejieaU-By, and every corner .scrajied clean. 
In many cases it is well to cover motoi.s, dynamo.s, etc., when not at 
work, by ciiiivas coverings. 

'I'be extent to wliicli jirojier care is taken to kecji tlie iiiacliinery 
in order, and in projier rinining condition, is iieaily always rellectcd 
by the general apjiearanee of the installation. Oarelessimss of man¬ 
agement go hand in bund wi.il dirty iiiaeliiiiery and imlidy engiiic- 
liuiists and shops. In many of our modern eiigine-rooiii.s, dust, dirt, 
and scattered oil or waste are considered as imicli out of jilacc as 
thov would be in a dwclliiig-botiEe. 

■ The nature oi*tlie ta.sk imjxrscHl upon the engineer in charge of an 
engine-room or mill depends largf ly rijsin tlie design of the machinery 
he has to look after. As extreme cases we may contrast the huge, 
'ovilig jaimpil.g engine of the last decade with the compara¬ 
tively ligh , high-speed motors fiirnisliiiig jiower for a modern 
ttlp.^iric-Ug)it slatioii. In tlio one eu.se lubrication is generallv efi'ected 
oy Vi',„ ol.V 'i'l’' sipliui) arrangenient.s, and in the other liy tlie 
more modern automatic im'iiods giving jierfect lubrication, (hi tlic 
score of satisfactory running tlioro is little to clioosc betweei '1 ' 

methods, Imt.tlic older machines cannot cc’iijiar' as regards first 
cqj't and economy«with the more modern d. signs. Bui it Ireijiiciitly 
happei's that htcaui, gai^ and oi^iaob'rs Tu'e made tp, run at spoedt 
for which their lubueatiiig arrangements art ipiite uiilitted, and it it 
only by* the exercise of t^e greate^, care*that casualties can jii 
avoided. F-'B l^hricalioii ipid good fatU’ oih being nccaasary, 
BV'lashers i.ave to be fixed in such% wa; as to jirevent the ni^rom 
being thrown about, ^tit^ l. ns jdaced to catel' tliat portieu m the 
lubricant which is ejected at the ends of the brasses. 
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11^1 spoi'ils iiiiiy 1)0 coiisirfcred rniigiiijr^from 500 to'15,000 
revolutions ])♦)■ nii'nito, tlio higlicr .speeds lipinp; geijcnilly eouliiied to 
eouipiriitivcly <s)>ii)dles tniiisi liUing eoiisideraye jjotver, and 
the lower speeils to shafts scvcul iiicl)cs in diauiotei'.', To s-un 
sueoessfully, tho luhriisirion nnist .nways bo good, for the least; fniilurc 
iij the oil su|i|i!y causes Uie ))i!nviiigs to niii liot. To ensure success¬ 
ful running, the oil-bath principle should he adopted, the, lubricant 
being thrown continuously oner the iiort.ion of Ihe hearing on the 
o[)positc side to that of the brass whicli carries the load. This may 
bucIl'ecteiLcilhor by the action of a disc, chain, or hoop on the shaft, 
or by a sSiull pump raising the oil from a reservoir below the 
bearing. 

ill some high-Bjieed bearing' lor shafting, winch have only an 
imperfect anUnnatic supply, additional cups lillcd wilh griMse afe 
plaeoil at the ends of the hearings. Should they mii hot, tliLs grease 
melts, runs out, lubricale.s the rubbing surfai e.s, and prevents for the 
moment any serums injury. The eovers of such grease e.iqis often 
re.st uiion the grease and fi. J.whe.n it runs away, thus warning the, 
man in charge of the ueeil of I’e ilchishiug. i 

At tiie present time the whom teiideney of modern engineering is 
to run every machine at its greatest |Kis.sil)le .speeii, and tlius get a 
maxij,mmi amount, of work out of a motor of miniimini size and 
weigher*' To enable this to, he sueeessfnlly aceomplislioil, the new 
methods of luhrication liave to he adopted and thi' old loose methods 
of engine.-i'omn mun^ement replaced by inetbods which entail 
constant watchfulness coiieerning the details of liilirieatioii, 

Tlie attendant in charge of high-.spei 1 machinery must exercise all 
possible care and attention, for, as we have pointed out, iiiacnmes are 
frccpiently made to run at speed,s for wliieh tlie methods of luhricu- 
tion adopted quite uulit them. 

Starlinii of New Mwhinery. —To ensure the projier working of any 
such complicated piece of mecha'iisSii as a steam engine, especially if 
it he run at a liigh speed and with a heavy load on the hcaring.s, or 
if the work transmitted nr developed 1)C large, much depends npo« 
the intelligence of the erecting litter or of the engineinan«'vho sets the 
machine in motion. Of eour,se the hearings niay he so designed *hat, 
owing either to the strains set up hy tlst stresses acting A '. tht-m, or 
to til expansion of tho parts from the heating of (he cylinders, etc.,' 
_ ‘Iro^hhing surfaces are |iri's.sed together with undue force, in places, 
and cannot possibly inu cool without some small alter,'iliou being 
made or addition.d chaii.iee given. Upon the tugiue'er in change, 
therefore, fall%the duly of making good sue^> defects in tlie bearings, 
or their method of lilhrication, giving frei.uom to certain parts, 
Bueli as slide bars, to expiEid so tluV. they may nol bu-rkkV witii 
eliaiMus of tempcmtnre^^ potting in Ighrieating grooves, etc., wjiero 
the;^iiave lieen omitted, arr.-engiiijy for the proper escape ofeondensed 
water from the cylimfcrs. and taking careAhat all the surfaiAis have 
been properly bedded together. All omissions detected,or alterations 
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made stioulci, of coiiioe. licc:irriod ouu with the cogi izancc of those 
responsihic. 

Even when tin j.reciuilions have been liikuii, u " " ..le will seldom 
mi cool Jf it h" at oneu worked with the full load on or at its 
rnSjiini^iin H]joed This arises from the fact that nirgood luhrication, 
and to obtain a low eoelticieut of friction, the working parts must 
bod theii'selves together ill a way which a litter is ijiiite iinahio to 
imitate. Indeed, in a short time all hearings, if properly designed, 
are worn to a shape wineli enahles the Inhricaiil to he drawn in 
between the snriaecs »nd wedge them apart. When tliiie shape Ija. 
oneo been altaim I, further wear at riiiinnig H|ieeds aliiTosl ceases, 
especially if .suit ihle methods of Inhrieation and il jper liihrieants 
he used. • The machine .should consei|iieiitly in t he lirsl inslaiiee ho 
run with alight load at a very low speed. Idider those eoiiditions 
l.heewe'ir is eiiiii[iaralively rapid, especially if a maderaf.ely thin 
mineral oil he used and the jonriials and pins he allowed to bed 
themselves in the hrasse.s. The speed should then he increased, and 
the blended oil used when, after .some f aiirs’ nniiiing, the working 
speed lias been ''H.-vined. During tli s stage it is well to snpjily the 
luhricaiit liheially, to prevent ovcrlieatiiig. 

In the case of railway vein dcs, even when the greatest care is 
taken, a journal may run hot ; it then hecoincs necessary to eliaiige 
the brass. A hard whitemetal or hrou/.e liearing eamiot he e.vpccted 
to run well at lirsl, even if \ery earefiilly lilted, for, as slated above, 
tile correct form of the surface can only he hronglit aliout liy wc,ar, and 
whilst such wear is going on at high speed the heat developed may be 
very groat. T'o enable a vehk li', a hearing of wliicli lias liccuiiie so hot 
as 1 o damage the nibbing surfaces, to he run at once, a new brass may 
lie put ill witii a lead surface about inch thick. TTiis rapidly 
hods itself upon the journal in such a way as to form a good surface 
<where the joiirPid is smooth, and doe- not hind lieavily wliero tlie 
joiinial is damaged. A lead snrfcee of tills kind, H. It. llaigli states, 
will run several Imiidred llioiisaiid miles witlionl being worn off. 
f M 'tich'rvi/ of iMbrimfioii. —The most prolific source of 

Iroulilo exp 'rieiiced with maeliinery arises from the occasional failure 
of ttc aHciidaiT to give each hearing its projier supply of oil. No 
dofltd .lu ,9 suit bio oil, the.presence of grit, or some .sneli cause may 
easily result in overheated hearings, hut as a rule tlioro must be a 
practkailly complete failure of the supply to give rise to a 
That this may liajipeii very easily will ho recognized when the 
iH'cibcr of hoariiigs to he oiled in some .T.-.cliines i'- remembered j 
for a “higli! oil-liole or a^i]i inissijjl during’a round of oibiig will often 
lead t'l grave results. Each bearing »iid rubbing face of a 
locomotii'e, fm- instance, nyi-t he luJiricatcfl before starting, o,ach 
heaving reci' .'ii^a sidiicieiit^siijiply to last for al rut 150 mih^ In 
t'd's case iorgetPiilnes.s, or tlifTnniAulopfon’of a gtod system ol'fciling 
by thoi driver, may dejay ^ii express train for hours. • 

To minimize the trouble arising from such causes, the engine attend- 
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ant should systematically eiaiMiie ai^d occasionfclly feel the ?hetal of 
all bearings ,*0 as to detect any case of overheating in its early stages, 
and, when oilW^ machine, should proceed in the sa#ie )nAnuer on 
every occasion, always taking thi hearings in the same oi^^er, ea as 
to reduce the risk of mftsing any. Even in the case of tiie tawing 
machine or cycle, this should he carried out. With such inachineB 
there is a descriptive ]iamiildet often given, showing each oil-hole 
iiuinherod. liy lollowiiig liiB iustruclions and giving nacU hole, etc., 
oil in the order stated, it will be almost inipo.ssiblc for any important 
bearing to seize. In the case of a loconioti^'e, the driver should 
commenejat the leading end, siii on the right luuiil side, and then 
systematically*!]! each bearing a.s he iiiovos toi.ard.s the end of the 
tender and hack along the left t'dd of the engine lo Ihe frtiit again. 
]iy adopting some sueli iiietliodieul |)lan, tlie risk of missing aiiv 
hearing and thereby causing a ladurc is reilucod to the smijh'est 
[lossilile proportion. The same plan should ho followed in imtting 
the trimmings into the oil-holes of siphon luhricators before starting 
from a station. j„ ^ 

Kxtmmalions of - Assuming that all t^lie hearings and 

lubricated surfaces are in good condition after a motor, machine tool, 
or mechanism for the transmission of power iias been set to work, 
it by no niean.s follows that they will continue to remain so for more 
than1rrf,w months without being jiroperly cleaned and small defects 
made good. Careful periodical examiiiati<m.s must therefore bo made 
of each bearing, for it^^raiueiitly happens that valves wear out with 
unexpected rapidity, oil-ways hecoine choked with metal or dirt, 
brasses fracture along the crown, whyp-uielal partially runs out of 
the recesses prepared for it, luhricathig pails heconie glazed, .ind a 
hundred other defects reveal themselves. In the c.ase of a locomotive 
or a motor driving an electric-light station, any such failure will, if 
not discovered and remcdiivl in lime, lead to a breakdown, and eitheri 
delay a train or temporarily exf’ngaisli die lights. 

Although it is advisable to exauiiiie bearings at stated intervals, 
yet, unless they have been getting warm or Isiocking, or there it^ 
some defect or Haw which reijuires attention, the pa;its taken to 
picce.s should ho replaced exactly as they wore when removed, ft is 
a great mistake to always relit or relj«d the brasses, df, it }»»im- 
poss.Mc to give the surfaces the form wliich gives the least frictional 
^jesistancc. Wear alone can do this. Examinatioins should, there¬ 
fore, he confmed/o seviug that all the parts are sound, ‘tinkering’ 
with the rubbing Mirfacts<being avoided as much a(hpo.ssible. Inde|d, 
a w§ll-designcd and propeily cared-for eiigiuc should run for years 
without the use of either, a tile or a chisel, provided it bo jeept clean 
and the lubricating ap'plianccfi be always in good working ufdoh. 

Iit^lusty or dirty situations, where the oil hj\8 a ‘ tendency to 
thiefen, or in cases where tl|e wear of the hearing or shkfl is OQn- 
side'j.vble, deposits are_, apt to form in the oil-ways and provant the 
proper How of the lubricant. To prevent such deposits from collect- 
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ing to a eorioua pedeat-'.l capS, etc., slioulft be af.ionally 

removed and clea 'ed. 

When p.id-h hncatioii is resortefl to, it is iiecessa. f to rctnovc tliu 
pad* evut:/ fu'v Htinks and elcan tli J surface wliicli comes in contact 
wilfe moving surface, for the wool often noconies glazed by tlic 
metallic surface against wliich it rubs. The ])ad must, therefore, be 
8crape<i elsan and well oiled each time it is removed, i.e. about once 
a week. Unless this be done regularly and often, the bearing will 
not keep cool and wear well. 

Trimtnings also re()uire froiiuent ex.ainination and rcufwal. In 
warm places fatty oils gum and clog Ibc pores, us duc.s ibrt m dusty 
places. Want <if j,roper altenlion to trimmings is a ii-nitfiil sonrcc 
of heated •ia'arings, for the volume of oil supplied by tbcni varies 
Witli the number of strands or with the lit of the woollen plug in tlie 
oil-bije. Any cli.ange either in the fluidity of the oil or in the 
cleanliness of tiie pores also alters the rate of sujiply to tlu‘ bearing. 

Where the bitnicant is supplied by oil-cups fitted witli small valves 
at the bottom in such a way that the rate >i feed may be judged by 
the rate at whicvlhe oil falls from a itnall nozzle, the pas,sages arc 
apt to bccoini! bu(ideuly clogged by mucilage or dirt stirred up from 
tile bottom of tlie reservoir. T.bey slioufd, tborefore, be regularly 
examined and clc.aned out. The oil should also bo removed norjodi- 
cally from all reservoir bearings, filtered, and, if not too acid, used 
over .again. 

Kmminafiim BimIc. —To ensure the examinatiuiis being re,ally made 
at the required intervals by those whose duty it is to .attend to such 
matters, an examination book sliould be kept in wbicli is chairly 
stated the nature of all jieriodical examinations, a coUmm being 
provided for the engineman or fitter to sign after having made each 
inspection. 

4 The necessity iJr adopting this course '.r tlie greater the larger the 
station or mill, and the more immffrons the machines of variims kinds 
it eonlains. Such m.achines, motors, or lines of sliafting must be 
for eoi .iv’i'ly number. J, so that they may be ea,sily identified and 
the entries rt'erring to re[)airB or examinations properly kept np. 

If f'ch a hook be not kept, the engineer in charge cannot expect 
ereh^iOi;’i,.a'3., I > be piropei’y and regularly .attended to, for some 
portions of the machinery will receive undue attention, whilst others 
will be neglected, anil all sorts of difficulties will arise wliieli a better 
organized system would prevent. 

P^’^iermtion of t\faithmeri/ not in Ilcijiiiur fe.—It frequently 
happen" 'hat an engine pjjmt for Jhe S"ppiy of power i.’X put down in 
duplicate and parts may have to stand idle foi* jeoks or even months. 
Whenever 4 )ossil"c suoh engines, etc., sli*uld he worked alternataly, 
so tlia'' all the ,.urf*ceH*may tie jiept cl6.an, sinooth, ,md in good Rm- 
uiticTj When such motors as mariffe eng.nes have to stand iilltVin 
dock, it ki well to get uj^stijit) occa.sioually andvim the eng;re fOT a 
few hours. Should this be imwossible, the engine must be ‘ ninobed ’ 
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roiiii'l DiK'Oji'acli ilaj' lo kce|i tiu; cyl'mler facoH/iii good order. Discs 
with tw-tli iiiv often keyoil on lo Uie.sl'oft for this purpose. 

I’nili'i'ljim (*''nf’oA/.'i/o*'/ Stii'/iiri-x. In ca.ses wlierin an engine or 
niaeliine is to lie idle for any Icnglli of time a lietter pla* is Wtake 
lli(‘ jiiirla hi p/cees, eUian nil the rnlihing snrfaees, and cove" them 
with a pioteotive |l.■linl,. Tlio same treatment .sljonkl he accorded 
to aecnrately machined faces which are to be used for ruhbing, and, 
indeed, all light work which is to lie kept ready foi'nse, as soon a.s 
it is tini.shi'd. t'nie.ss this plan he adopted, the hearing surfaces 
'.ill hecivoe jutted and rusted to such an ex'tent that the machine 
will cost mere to rejiair than it is w<irth. 

The ninst rtminionlv n.sed ndxti re for this pn ’jHise is one coiisist- 
ing of white lead and l.dlow. It, forms a good cover when jiiil. on 
warm, and it does not conode the metals as the acid eons'.ilnoiits of 
the tallow, if there he any, aie eoiaerted int.o lead snajis.* The 
white-lead in this mutnre plays the part of the lime or soda in the 
nnmenms a.vle or other greases Neutral |ietrolenni jelly is also 
very oH'eetive in [iresorMi hrighi steel from nisi, if the surfaces To 
which it is ajijilied are peihetVr dry. 

When tile machinery is for c.vjioiI pnr]i<,,-es. and may he e.xjioscd 
to rain or nioi.st air, the surfaces must he covered with hlai-k enamel 
or .jaiian, which cHi'ctnally protect them from rn.st, even if they 
should be immei'seil in water for many hour.s. 

(Iwr/ie((/f«;/of-We have already mentioned a numher 
of cau.ses which may load to overheating, which should have heeii 
provided ag.iinst either whilst the machine was being erected or 
during the ju'idmiinary or trial runn» It soinririmes hejijiens, how¬ 
ever, that a hearing may rnn .short of oil for a few minutes, Air that 
grit may get between the surfaces and cause tionhle. When this 
occurs to a marine engine hearing and the damage likely to he done 
to the engine is less serious than that which would result from tin 
stojipage of the vessel, it is the iSustom to turn a stream of water, 
if [)o,s,sihle soajiy water, upon the heated parts ami keep going. In 
many cases plnmliago thrown over the lieated’surface, or rmi on .to 
it mixed with oil, will jirevent serious injury Mneh Ahe same may 
he said of a locomotive hearing as regards the mhi8al''’ity of 
shipping, but here nothing nmst he''ilonu wiiich wil' endanger the 
safety of the train. Kleelric-hght engines, where tiiey arc in dupli¬ 
cate, and mo.sl other motors, machine tools, ete., can be stopped for 
e.Munination at onCi. llnles.s this he ilone jiromptly, the injury 
sustained may necessit!ii.e a new step or journal.' 

In all eases of sudden heg.lKigi it is w»io to at oiico u.sc a .good 
fatty oil, as this kind hf oil does not to the same e.\tet,t as mineral 
O'', 'ose viscosity with rise of tem|)cra\)iro, and thc.h-Xfd oils are more 
‘ ofi^’.’ A can of rafic or oiixm oil may he k( jit handy for, such 
eidfergencios. " 

To run withoufatteiitiou a hearing winch becomes heated day 
aftee day is a great mistake, as there must be somoUiing radically« 
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wrong t? cause such li rating. 'I’hc sl-ti’t or jouriinl inay^.'e ovn', one 
jr otlier of the surfaces damaged, groovwl, ()>• flawed, the oil-ways 
blocked iij), th) f()otsLe|> distortnl liy ovorbtaiiug, ' hii)ricator 
.vork.ng i i|)ro|X'i-lY, the shaft sprung out line, etc. it might 
iot%ppc^ir at f.rst .sight that a mere crack in tin* crown t)! a brass, 
jspooially as it scarcely all'eels the area of contact, would cause 
..rouble. Ilut it must be reuicmbcr'.'d t.hat such a cr'ack allows the 
hi to escape, aed largely ri"biccs the carrying power of the oil-film. 

0. W. Naylor' meutioiis a case where two u-iucli diameter shafts, 
rarried in plain habliiU»l cast-iron bearing bo.\es split on a ^ori/.onUl 
plane, cacti sliaft traiismituiig power by belting from a ..team engiuB 
'.0 five electric generators, persistently ran bot wben luorieated witli 
hi or grcifte. As Ibe pull of all tbe six ladls on each slial't was 
horizontal, the oil was probably forced out llirough (he sjilit in the 
Jo'''e8» However, it was (>vent.nally' found possdile to Inbrieate lliesc 
iicarings with water, a small stream being allowcil to trickle Ihrougb 
hio brarings whilst rnniiing, and oil lahng fed into the bearings only 
luring five minutes before closing down, i,C,j)idcr to prevent rusting. 
Tbe wear on the kabbit and l«>xes dii'-ing eleven years, whilst lubri¬ 
cated with wati r in tills maimer, wirs found to be oiil\ |-ineh, and 
Jii tbe shaft nil. Tlic temperal.ire of the ciigiiK'-room was aliont 
100" F., the water varying in temperaliirc from f.h” in winter fo.OS" 

11 summer. The shafting ran (|uite cool. 

Tile real condition of a iMinriiig wliieli habitually lieats can only be 
iseortaiiied by taking tbe jiarls to jiicees, and when this lias lieeii 
done there is no e.'icnse for not making every defect good. 

ISoariilgs wliieli tit too clos*]y’are very apt to run liot ; on the. 
other h.uid, those which arc too loose make a great noise, and the 
repeated hlow.s not only tend to produce and develop flaws in the 
moving parts, but also to damage the surfaces. Wliiil should lie 
aimed at IS a free Clearing in which there is room for the oil-lilm to 
form, • 

Friction and .serious healing may lie iirodiie.ed by using a biln'icant 
t’*’bjr . low or too nigh in viscosity. When the viscosity is loo 
low, the op ■pressni 3-iiIm, which kee[>s the bearings of rapidly 
nioviii'-,yeluuer' from toneliing, docs not form ])vciperh', and solid 
Fr'ctlBfi resell'.. i n tbe otbci baud, when the viscosity is too great, 
the frictional resistance of the him may be .so large that the b'^nring 
becomes warm or even bot. That it is best to use an oil liavnig as 
small a viscosity* a.s [lossible has been demoiish-atui’ o' "i* and over 
agaj|i especially wh^ii, as in the ease of texjlle or printing machinery 
and.lyi mos, the bearitf^s run trf, "Ip. b speeds and Hie loads [ler 
square inch sre small. The heat liberated, an?lj.h ere fore the friction 
encounterafi, lit' roportipnal to»thc intentil friction of the hibriff mt j»- 
aiid \jl.en it is ii;nj(*nbercd that at liigh sjiewis the-c is a eoiitiiiiRus 
idm cf oil separating the surfaces, and that the friction in jouritls 
and spindles is proportkmaj t, the viscosity of the oil, it is clear 

J AffifJi Kitft wr.1 vwtx i* dQ*) 
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lli.'it is iUi likely Id ue ilu" to the Nant of fluidity of the 

luhrioaiit as ^o actual metallic contact act'oii The best results are 
consequeiitiy (.-liKunul by usitiD lubricants of the lo est ))ermissil)lo. 
'dscosity. Ytit, frciiucqitly, the ouDineor iu charge assmiHu thuh the 
heating results from the rubbing of the surfaces against each- other, 
and is surjtrised to lind that when he uses a tlnckor oil his bearings 
become still iiotUu-. ^ 

Main engine bearings, tlic steps of which are scparalod Into several 
jiortions, are very apt to run warm. This arises from the faot that to 
olitain gijOil luliricatinn each of the brasses s’.Kinlti lie able to assume 
tlic rclatiie nositions, witli regard to the journal, shown iu lig. 102, 

]i. 101. ‘ 

When there is only one U'aring step, the snaft or ^ftmrnal can 
place itself in the ])osition necessary to give it carrying power, but, 
oil till' otlii’i- liand, when tliere are two or three se[iarate Irasscs, 
they must have freedom to move into such positions that tlicre shall 
be a W'ider gap on the ‘in’ than on the ‘ olf’side. The degree of 
freedom reijuired is ve,.,'' small. The best way to secure it wgll 
depend in eaeti eiusc iipioii tec I'djiistiiig arrangements. 

It sumetiuies liapjieiistliata loeoiiiolive asle-boi beariiig, fed witli oil 
tliruiigli a liole and groove in the top of tlie brass, will rim hot, and 
con5iii(y; to do .sti, altliimgh every care has been taken to secure well- 
fitting faces. Now it lias been repeatedly shown, especially with 
inineral oil, and, lep markedly, with fatty oils, that when the oil is 
Bujiplied in this way it is unable to properly wet tin; journal, being 
scraped oil' by the elusely-littiiig edges of the grooic. Indeed, the 
licttcr I lie lit of the hras.s and jouriia', tlic more the oil is confined 
and jiruvcnled from getting to the )iroper place, viz., tlic ‘ on side of 
the brass. As a rule, the .side play of the brass enables it to mount 
on the cnrve.s at the ends of tlio journal, and in tins manner <he oil 
is liberated and runs over the journal. A ooiipte of small groovSa 
from the oil way to the ends of the brass will answer the same 
purpose ami jireveiit overheating, ]irovided the lead be not too great 
(sec also p. lOU). 

A siplion may cease to feed long lieloic the oil rcse' ;oir is empty, 
and may tliiis mislead. The height to whioti the lubricae* can 
d"awn from a raservoir by a tiiiiiining depends upon r'ii.o finelMss of 
tiio material of which it is made. Tims cotton wick will raise the 
liquid iiiucli higher than worsted. The latter material only lifts 
iuhricatiiig o-.i, alHuit 1] inches. Luhrioator reservoirs are often 
made iniieii doejior than this, and if not rcgulatly cleaned out,,they 
gradually lucome partially hlltd, witli ^'sticky, dirty mass. ■ The 
better plan is to ma^e' them shallow and 'o ci'eaii them out often. 

hearing which habitir.lly runs ■.warm eamiot hp ccijsidered as 
wflihiiig propellyf even if it never aetually lieatsr>p badly as to.neoes- 
sitfte a stoppage, for the Coetiicient of friotion must be high and the 
waste of power eOiisiderable. Such a bearing has either got too' 
mufh weight upon it, is not iu line with other bearings on the saihei 
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ihaft, o^ts surfiicis arc grooved and tho oil-film eimiiot {oi m. Wiien 
diia is the case, the shaft or journal, and also the brass, i/!iist bo filed 
rr m.achii’cd to,,tnic faces. It occa. ionally h,apopi's-fJiat on taking 
ihe j'edusiM cap .r lirass from a bearing wliich lias bHg\in to got lint, . 
ih^haft or jonrn. 1 will lie found i > be liadly*tliuvi'd. 

Selecflon of Lubricants.—.Mthongh it is clear that for each kind 
Df hearing, speed, and load, only a eoni|iaratively few varieties of 
lubricants but Uie groat number iihieod liy luaniifaelurers on the 
market wdll be found to give equally good rcsidts, in pvactiee Iho 
disadvantages resultinj^froiii having a large number of otls^ etc., yi 
use at the same time i.s so great tliat [iraetiejil men, as e nue, jirufer 
to use a few lubricants only, selected so that the_\ -fnll answer as 
nearly as ^inssible for all jmrposes. This limitation may, however, 
bk carried to extreme leiigtlis, and greater waste of power and damage 
to we^eriiig surfaces caused tlian tlic eoiiveuienee warrants 

Hut the advantages to lie gained liy carefully seler.tuig lubricants 
iccording to the kind of bearing to be lubriealeil are clearly lieeoming 
move and more marked as time goes hy\ for the s|ieeds at whiuli 
machines run ace lieeoming greater antf ’^'eater eaeli year, as are 
also the loads [liaced on nianj’ of the hearings The ciinditiiins under 
which luhricatioii has to lie ellect-d are, therefore, rapidly becoming 
more diverse, and the time wdieii tlie engineer eon! ' aHo'd to use 
almost any luiiricaiit )ilaced on tlie market has passed away. ' 

The scii'iililic selection of hibriiMints can only he aceoiiiplished by 
ascertaining expcnmeiitnlly the extent Ui which dill’ereiit oils, etc., 
reduce wear and friuliou, for oeononiy in the cost of oil is ofteii only 
efi'ectod by greatly increased ^p*nse in other directions. This, the 
most ;i*ipnrtaut asjiect of the problem of lubrication, will bo dealt 
with presently. 

Cost and Efficiency of Lubricants.—Althongli in the selection of 
l^bricaiKs the pri»i is an imjKirUnt facto*-, there is no real economy 
in using cheap but unsuitable oils* This will readily be seen when 
the actual expense incurred in tlieir piircliaso is conqiareii with tliat 
silent e-i fuel and on jqiairs. Indeed, it has been inaintaineil with 
some show of reason tnat the consumer can frequently belter afi'ord 
to use the highest priced and best article than a lower priced and 
infe»k.r om. spiipi -id free of charge. This is certainly the ease with 
small moeluinisms, such as sewing-niachines, clocks, and the like. 

Not only may the loss liy irietioii lie largely increased by n eg an . 
unnecessarily thick lubricant, or the bearings beyime flo rgod by using 
a gumming oil, but Jlie wear and tear of the jF-irbuics niiy I lecoino very 
greStand the life of llie piirts he muiji diorSt-ned by using a luliriiguit 
deficient in ojjinem. b, w,Hhercfoi%, iinivrativf that the' chemical and 
mechanieii^ as well as the commercial, iimieet oP tlie question should 
recei-e careful'.etctitioft, for iflany so-called Kpirinl 'lih, for wliT3i~a“ 
high*pricc deuTiinded, are r<Siliy«omprsc(> of very f;liea]i iugfcdi- 
ents. Tl^e experimentally aseertained quality apj! not tlie price a4ne 
miust therefore be the guidiflg principle in the selection of lubricants. 
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By means of tiio physical tests cnuincnitwi (pid tlescribcd'iii detail 
in pi'evioui? eliajrtcrs, the viscosity, giiiniiiiii^ properties, acidity, 
flash-point, etc.}, of various luhrieaiits can he asceytainr'i in the 
laboratory, h it were not for the fact that there i.s as ycif’som'', un¬ 
certainty retjardin}; thc'.ncthods of nie<aKuriiig the comparative gil^icss 
of lubricants of diltbrent visco'iti(‘.s,’there would he, little diftlculty in 
di'cidino whii-h of a nninber (jf lubricants was the best to use for any 
particular purpose. Altlionoli nicclianical tcstiiifi n.aehinesfri properly 
ns(K], oive ns some considerable in formation on this bead, it is only by 
a knowledge of the extent to wliioh each Inbrjcant keeps the various 
hearings ttool, and rcdnce.s friction an<l wear, that the engineer uan 
judge propcrlv wlietlier be is obtaining tliu l..'st possible result. 

All accurate estimate of the ci.m)),native val ic of dilll rent lubri¬ 
cants can only lie made by ciircl’nlly ascertaining the frictional losses 
each lubricant entails and eonijiaring these losses with the total work 
(lone by the jirime movers. Knowing the eo.st. of the fuel, etc., insed, 
the engineer can then ealcnlatc how ninch he is expending in unpro¬ 
ductive work with varyinojconditions of Inhrication. liy occasionally 
weighing his jiwh'Stal In.'- cs, valves, etc., ho can,also ni(‘asuro tire 
rate of wear going on in Ins Jii! :hiiiory. A knowledge of such points 
will enahle him at onee to see whether he is lo.sing or gaining by the 
adoption of any jiarticular lubricant or lubricants, and also to note 
the bfiiji, pnxinced by changes of temperature. iSuch knowledge is 
easily gained liy fixing indicators on sti'am or other motors when all 
or certain ])arts of ^le machinery arc running light, also when ('aeh 
machine has its full load, and again under normal conditions. In all 
cases when the [Kiwer used is an imjiortaiit iiem, these observations 
should be made purhxlieiilly, the results entered up for future 
referenee, and a hal.aii<;c-.shcet drawn up so as to enable the eo.st of 
power, and also of lo.st work, etc., to be eomjiared with the (,‘xpense 
incurred on lubricants. 

Various dynamometers have btm devised for measuring the power 
I'Gipiired to drive machinery. These instruments are introduced 
between the motive |«iwer and the macbitiL, i.ryl measure the power 
transmitted, either by the compression of a spring or by meams of a 
weighted lever. An apiKiratns of this kind, knewn as the Ifinerson 
Cotton Mill IViHs^r iScale, is illustntedjjn fig. l.’ifi, and.its applux-itioii 
to ■’ spinning frame is sliown iii fig. 157. For these blocks we are 
indebted to the Florence (lo., of Florence, Mass,, who are tlui makers, 
and to whose laimplilct we must refer our readers for further par¬ 
ticulars. Tlie i.jllow'nig results, wliieb were obtained by apidying 
omj of llu'st' wales to a ('.irn crpslier, were.kindly eommnnicatea to 
us by .1. T. I'otts:— .. • .1 -• 

/wL'aoi-- JIaicrial cnwlasl. 

i' 

yOats, ' 

Maize, . . „ 

Beans, 


Revs. )ii(r Lbs. grciinn! , ilarse-jiower 

minute. |)Pi- niinjite. rBcjuireil. 

*!6l‘ 8-3* O'Sr' 

Ifil 14-8 e.-247 

Kit ' ' ‘ 177 0-410 
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vviicAVic crushdi’ «is iiiinli'niLuly .v*'ll kiliricatei], it l -rjuired only 
0‘01 horso-jKivvor to vlrivo it. winlti no work; whon^allowod to 

go witliov't oil, (or si'voi'al <lay^, 'lio |)Ownr locveascid to O'Or) 
horsifjpowfy; w*ol,st. on tluiroiiglily well oiling it the jiowor roi)uiml 
fellj,() O'tR'ri ho->c-iiowcr. It is evulent lliift, iin appliance of thi^ 
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kiiKC may prove veTf' vajuahlo in largo •mill in determining t)io 
relative frictiou-redui in^ [kwors ol»vai iRiih Inlg'ieants. ’ 
FrictiulifJ*Losses. — Minjuilii'« <>/ iMHneii .—'Bie losses which arise 
from Mie fftoti .1 of*lie aiecneiiftm, as coi!!pared with the total ene^J^i^ 
aotuaUy exv' ndeo»fli nsuful wtkk, ure in niiwiy citaes uiiduljj lain;e. 
As all extreme case, a cloek or watch lilay bo instanced. 
praoticaily the whole of'thA jifi-ver is expended in overcoming the 
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friction of the heai'ings, and the efficiency ia zerp. ‘Should tllfi friction 
_ of thl pinifina increaac or diniiniah'from any cause, then that of the 
Bpeed-regulaung,aii')liancc likewise diminishes or inty'casei^ the total 
friction reinain’ing constant. t' 

In a cotton niill, wAolleii factory, or printing woi'ka, tl.o friet|pnal 
losses arc very largo compared willx the power actually (fcvoloped. 
Here we have to deal with losses in the motor,' the transniission 
nuichinery, and also in the actual machine tool, tin; powul''c-vliended 
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in placing Uie threa^ls in 'posifton, or ^)repolliug the paper,' ink, 

rollers, e»c., Iwing *imll. In clcetric-light and hydrai^lic stations, 
efficiency of the installation is* greatar, fm: the ^fttnl power 
d^vered in tlie fr<rni of current or Volume of v^ater raised, is« large 
inpeomparisou with j,hat developed by the motors. ^ 

Ordinary atmospheric changes of tbmperdture have at times been 










































































fenown l^altcr the fnotioij of the maclynory r» a large n.iii aa raach 
as 15 or 20 jier ecnt. In other niotances, a rednotion yf ftO per*cent. 
in the toOil reijistnnee, iinu, therefo'o, of tlie f lol^’otp., used, lias been 
tffejjted nr usiii,” a more suitatile oil. When it is rv.ueinbered that 
tliii^means.that' he frieliona! loss amneliines i»niounts to considerably^ 
more th.^n half Ine power developed by the motor, the importance of 
usitiga suitable kbricant will be fully appreciated. 

As^iill <iiseosity doorcases, sonietnne,s rai'idly, with rise of tenijiera- 
ture, a lubricant wliieti may be .suitalde for one season or country 
may not suit an ther. The effects bronglit about in this way may 
be seen by eompiirin;', ?lic coal burned rrmn week to week during tffe 
year with tlic elianges tlie mean tein[>eraturo lias oniiergone during 
tlie same i^itei vabs. In railway wtj.'k Uiis is partieiilarly nolieoahle, 
♦he coal consumption, partly on thi.s aecunnl, being mueli greater 
durinjf winter niontlis tlian in the .summer. 

Hrai after a mill lias stood for a day, the bearings will liave cooled 
down so nuieli tl at consideraldy more power will lie reipiirod to work 
it during tlie lirsl few liouns than dn-ing the rest of the run, provide 
ing tlie temperature of the air does not i^l much in the interval. 
This iiinst he lut'iie in mind wheii,,h>r the piirjiuse of ascertaining 
tlie efficiency of any jxirticnlar Inhrieaiit, llio iiKiicatod liorsc-power 
required to drive a mill is measnreil. 

The E^irinini of MeeJianiam .—In a n-acliine slio]i or factisay where 
power is used for carrying on any proees.s, we generally have a 
pr««e mo/vr whieh renders available the energy derived from some 
natural source, and Iraitsmissim mat'liiiu’ri/ for eonveying the power 
so obtained to any point for thg actuation of •special maeliiniTy or 
ma^hme tooh. The meclianiffil efficiency of tlie motor or of any link 
in tlie moclianism involved in the transmission of power is obtained 
by dividin'; tlie nsefni work performerl by the gross energy e.\pended. 
Thus, n tlie ease*)! a steam engine, if the indicated liorso-power be 
JOO, and the work aetually deliveted on the licit he K.5, the efficiency . 
would he 0'S5. 

In some casc.s the^losses ari.sing from the friction of shafting, 
etc., are .'o great tJ.at it is more economical to transmit tlie power 
electrically fft'hi the prime mover to the miuihine, whicli is then 
titled w.fh a sn ,11 clectro-niotjir. 

Elsetrwd 'ihmtiinhiiion iff /Wci*.—The use of electrical methods 
for the tiansmission of oneigy is now engaging the serious . tteutiuu 
of mechanical oiigincei's, for it enables the frictional losses of hearings 
to he, to a larg'b e\tent, avoided. The r^iis5tnco'>„‘ the eloctrioal 
coaductors, howevoi, also results in cotishUirnhle loss of cnorgy,jind 
their capital cost beng .vfeo largef c1i. i rical ijiothods of transmission 
are not, al'vay.s tin niost ocoi'oiiiical; but wl*orc power lias to be 
tranomitAd t a n’mihcr of smittered prSnts, it is often best to TiSTrtl* 
welkdesigimu cei«fl-al generating .slftion. ami to tu'ansmit the eijff-gy 
eiec ricaily to the several simps or yards,' ^ 

Ecm^ical Luhricaltm.* h'eforc one c,an establish the fect that a 
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I^IBHld^TION' A?:iy LUBRICANTS. 

particular oil is more economicjal in nso ttinji anotlfor, a balaKCC-shoet 
mir't be rlra*,vi) np sliowiii" the total'e-vpraises 'ehargcablo to each of 
tho foHowiii" items:— 

, 1. Co.st of j'.'lwer (fevelopeci. 

'''■ 2, Cost of proportion of power lo.st in frietioii. 
li. lixpenses resulting IVom wear anti tear. 

4. Cost of hihricaiits. 

When tlio lubricants are very unsuitable, the bearings *r..].iOiierly 
designed, or there is careless nianagenicnt, other losses may be 
incurred which will not fall under cither of I he above heads. They 
inokide broken shafts, heated bearings, rajiid wear, etc. It is such 
signs that often lir.st direct attention to t! fact that the lubricants 
in use are unsuitable. Even wiiciii such accidenls a; e couiiiarativcly 
rare, the loss by friction inav be inueh greater than it ouglit to be, 
and tbc find. Unit eoniparatively little dillieiilty is experienced in 
keeping tlie. bearings from actually getnug but should iio't be 
regarded as sliowiiig that gissl results are being olitained as regards 
ecotioiiiy of power. 

Inilii'aiimi of Molojv.'.- When once the neco.ssary gear lias bifen 
fitted for indicating an i ngiiij^, the diliieuity of “.isccrtaining the 
horse-jiower at any given moment is \cry small. Apart from the 
question of friction, a large motor shoiiid have indicator diagrams 
taken panoilically for the pur{M)..-e of aseertamiiig wliether the valves 
are properly set and the distribution of steam satisfactory. I'br the 
beat motlioil of pi'^eilure, a work on tlie indicator slimdil be con¬ 
sulted. W'e may here jiomt out, however, that lluctualions m sjioed 
and power ar(‘ pr<Mbiee!i by the aoj.ion of the governor.s, etc, from 
minute to minute, and that accurate fifllires eaii only ho ohtaijiud by 
making a series of olwervations extending over a I'easonabh* interval 
of time, tlie mean of the re,sult.s ohtaiiiei! fiom each set of inilieator 
card.s being made use of. 

Kslimalioii of Cost of FrictimialJjiixcu.-- Ati in maiiy cases alniosc 
tlic whole of the lo.sses aie liiiu to the friction of lubricated bearings, 
tlie losses due to each |K)rtioii of tlie iiicehanis.u shonld, as far as 
possible, bo ascertained sepaixitely. This may be done, by obtaining 
the indicated lior.se-po\ve,r under the following coiiditioills 

(a) Motor riiimiiig light. . 

(h) With the transmission maehiie'ry in motion. ' " 

vC) With all the machines, or eertaiii types of inacliiiies, running 
light. 

((/) Witli all iie machines, or certain types of niachiucs, having 
their full working ioiul on. 

As the viscosity of Uihricifiits .aries wCtli,^the temperature,‘the 
tests to asecrtaiii the 'lomparative Inlirieatii.g values of tvyo ijils, etc., 
■‘,'4au\rtu he made under siiniur atinosp’ieric eond'tions, arid it is of 
equf1, if not of greate,”, iinporijpiice' to give thL»hcarii>ga time to- 
asB^'me a steady tem|)eratu're by indicating the motor at the eiM of 
a few hours’ run. 
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Tn obtain the hctu.il \Jost per hoi;^ jicr horse power (levelopSil in 
ordinary nmniiig, tlie^ialciiliitioo slioi.ld include the follo'ftiig itsins:— 

1. lidcrest^pii cost of 1 . 111 ( 1 , plant and Imildhi^'s.^ 

2. ^ D(.*f»’ 0 ('iativ n (inaintenains' and renewal). 

3. Tiixtw, iiisii”inoe, ele, 

*. \V«i';es and .salaries. 

5. _Oost of fiiii, oil, waste, ote. 

lf(;i@'’„), have a innnber of eliarg.is which inere.aso or decrease the 
cost of power according a-, the mean ont.|>nt decreases or increases. 

It iniiy lie argue.' that the saving elloeted tiy improving the lulirica- 
Lioii, inasniiich as it (hV's not deereiise some of these items,Should *lie 
calenhited ipimi ihe saving in item h only, lloweier, wlicn the 
.saving injiowci*is large, it mayattect depreciation aiid wagi's as well, 
'''his IS a point the con.sidoiation of which must he left to the judg¬ 
ment, of the engineer in charge. 

If lias heeu shown that the friction of a steam engiiui or gas- 
engine is miali'eeti'd hy the load put njKiii it. Tims if, when riiiiiiing 
light, the iiidiciited hoi'se-power is then, when the hrahe horse 
power is .hO, the indicated horse-jiowir s'il^he ."iT. Kroin this it is 
clear that the tr.ftioiial resislaiiee, nuie-nred when tliero is no load on 
the engine, gives the I'rietioiial resist.aiiee iniilcr all eoiiditions. The 
same will ap[ily to line shafting and to many machines and nmehiiie 
tools. We may, therefore, esimiate very closely the frietioin'edueiiig 
iiropcrtie.s of any particular hihrieanl hy rinming the machinery oiled 
with it light, rather Ih.aii fully loaded ; care innst, hosiovcr, he taken 
always to have the same innnlaT of machines at work when making 
a test. , 

Whyii the horsepower di^elojied hy the motor i.s large, and the 
machines niimcrons., the ellVct of changing an oil can only he 
ascertaineil hy using it on a large inimls'r of hearings or inachhies, so 
as t(. 1 akc the Ions or gain of power eoiisiderahle in iirojiortion to 
fee total elfeet. • 

Hy muHiplying the gain or loss of |iower hy the cost per horse- 
powev, and then liy t^yo hours worked jkt diem, thi' daily siiving or 
'losa IS ohtaiiKsl, and hy comparing this with the oil account the 
real conimerc^il valiio of the hihricaiit is ascertained. The point has 
beti. Oeaf’ with .it some lenirUj; hy H. 11. Thurston.' 

Hinue th@ ineK’.isc in friction of a hearing results in a rise of the 
temperature of the iieihstah a rough idi-a of the coinparati'T, value ^ 
of two luhrieauts maybe obtained by measuring their temperature 
effects. This h? most satisfactorily effect'd'by dhi loiindhig two 
betti'ingB oil a slnift’iiy roomy boxes^fo proficl them Irom draiigjtts, 
aiid’pli'cing tliernn. iic^fcfci iiiiooiftai..'with yie podc.s'W caps. The 
saino on ston'd ffut lie tried on liolh iK'artigs, and tin' mo of 
toDiperatflre * . eac'i n*tcd, fov with tli^ same oil dift'eroiit heamgs"' 
willwlraoet "Iwajsvte found to givei(jimcwha!.¥^littcitint heating reajilts. 
When tljp difference of temperature wliieh results from the aceide|jtal 
' Fficti^. an't Lout Wurk^ p. 3t3. 
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diliwcDcc (if loud or condition ('f aicli beari'*g has '“oecn ascr’tained, 
the oil' used tor ouo of tiicm iimy he changed and a comparative test 
again made. Thi.s sliould be done .several tin.es, for the result^epends 
Ju .some iiicasnre upon the rate of feed. 

dt is, however, nmeh'>inoro sati.sfactory to iniike .such cii-tests in 
Itropcr oil-testing machines, for the load, speed, and the rate of and 
method of feed can then he properly controlled. 

Estimation of Losses due to Wear,--These can only be 5,"Gnied 
in a direct way liy comparing the expense incurred in repairs, 
renewals, pnii bre;d>downs which have occurred during fairly long 
intervals of time. However, it is sometimes necessary to ohtain the 
eti'eels prodnend during sliorl intervals liy (iili'eroiit lubricants, in 
wliicli ease tlie best iil.in is to weigl. certain lirasses o. otlier rubiiing 
parts, sneli as jiiston nng.s, at stated intervals on an accurate lialauee. 
ill tills way any rapid iiicrc.a.se or decrease in tlie into of wear ca.u he 
noted, and lliLs, tidicn in c.jmieeliiiii willi tlie pecuniary gain or‘*'li>s.s 
resulting from a variation in (lie total frictional losses, will enable 
tlie engineer to form a fairly accurate estimate of tlie value, from ,t, 
praelieal point of view, of-ir ^ iiartieular lubricant,. 

Ill all ea.ses wliere frictional leases form a large proportion of the 
power developed, it will be found that the cost of the lubricant, 
being only about .‘i per cent, of the cost of fuel, is a comparatively 
insigiiilie.tnt item compared with that ol' the power saved' or lost. 
Indeed, it will froipiontly jiay to use the best lubricant irre.sfiective 
of its price. Tlie liigJFest-prieed Intiricant od'ered, liowover, is often 
by no means tlie best, for very poor mi.\tnres are sometiiiies placed 
upon the market as fh'st-cla.ss lubriciints and sold at liigb prices. 

Oil cans, Feeders, etc.- Ve.ssels for I'lolding a supply of ojl and 
enabling it to be supplied to the bearings with ease and certainty .are 
made of various jiatteriis. In some eases it is only necessary to supply 
a few drops once every few bom's. For this jiiirpos ' small conic.d or 
lenticular cans, having a long sjient screwed on, are convenienJ. 
Kitlier the bottom or sides are made elastic, and a little pressure 
exerted e(mipre,s.ses them and expels a small ip.ipitity of oil. In the 
larger forms the oil is liberated by opening a small valve actuated by ' 
a button, or the (listoii of a small cylinder is pre.ssei'l in at.d iiny 
desired lunonnt ef oil delivered. 

It "ometiiiies hapiiens that the reservoirs of oil-hath tiearings have 
to be emptied and tilled again periodically, h'or this purpose a form 
of syringe i.s used which enables a definite (piantity to be withdrawn 
from the bottotn'^'.t Ih.'- reservoir and fresh oil suhstifnted. 
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-with oil-Uiting chains, 412, 

413. 

-with oil strainers, 414 

- - witli ling oil-liiters, 414. 

loller, eondilioiis necessary lor elli- 
'•Vney, 88 

-design of, HR. 427-429. 

-cirpct of visco.sity of lubricant 

on. 88. 

— — friction of, 429. 

-loads carried ly, ’29. 

— -low .static fnction ol, 88. 

— rolling contact, 425 430. 

— slide-block, 421, 422 
-spindle, 117 . 

— steel, h.ard, 5577. 

— -misuitabilitv of, 377. 

— surface Imidne.ss of. and its deter 

niination, 375 5577. 

-- temperature oi, dc))cnrlcnt U]ion 
inethiHl of lubrication, 4U3. 

-- variable load, 84, 119 

— watch and clock, 111, 

— wear of, abolished by perfect lulirica- 

tion. 398. 

wliite-metal, action of fatly acids on, 
387. 

— white metals for, 38-1 392. 

— wooils for, 393. 

— worknianship, im]>orUnco of good, 


— high-speed, 41.5. 

— importance of using suitable, mate- ^ 

vials for, 37>. 

—y ''■welled, for \sat'iics, 411. 

-'ItMd-bronze, 4 . ^ 

-. loads idn^issible on i04'108. • 

-iucomotiTe. I 

-bicomoUve,*''.5,'llij,^ 0 ^ 

-p ,ge fit of, aecGS((firy, 40.H. ^ 

-- 'nbricatl... of‘(genci.al treatment}^ 
39^403. 

-materials used for, 375i • 


409. 

Becchi; tost for cottonseed *• ^ 288. 
Beechnut fiw *1,,^ point of, 199, 

- —f- iodine valu 'of, 255. 

— ♦— iodine value of mixed fatty acids 
from, 25.5 • 

_ —• |ielting- and solidifying-point 
# • of mixed ^tty acids fiera, 

--oxidation, increase ^ weight 

26S. • 

-- refractive index of, 20|h 

— — iraetometer value of,^07. 



Beechnut oil, sa^ionification value of, *. 22. 

-8pccili(^^^ravity of, 184. ' 

liecchwoou forlxiarings, *393. 
lieeswax, hydronai hons in, 245. 

-- detcriiiination f i»y«u''>carboii>> in, 

^ 21(i. 

-'iodine value of, 255. 

-moltiiig point of, 20i. 

-saponitication value ol, 22*2. 

-specific gravity ul, IHl. 

-.sp. gr. ()i'uiisa]>omnal)l(*nialbT iVoiii, 

185. 

-uuHajioiiifjabiu matb-r IVom. t luinic- 

• tcn.stiftsof, 231, 234, 214. 

-detiTiiiination ot. 22<. 

-pei’ceiita^’’ ol, 233. 

Behrens ; investigations of .'uiliincti m 
alloys, 350. 

Beilis’ system of forced lubrication, 133, • 
439. 

Ben oil, composition ol, 116. 

--gunural cliara<'tcr.s of, n«». 

--iodine value of, 2.5.>. 

—-lubricant for deJicaU' n- liaii- 

isins, 116, -174 

..saponification value of, 22*^ 

-Bouice of, 116. 

- - specific gravity of, 1S4. 

-titu. test of ihixeil fatty acids 

j’rom, 205. 

Bender; asphalt in ininei’al lubriftiting 
oil, 301). ^ 

BeneJikt; * acid value ’ of oils, 215. 

-(and IFlzei'), atietyl values of oils j 

{IM), 248. 1 

-(leturmiimtion of licelyl value, j 

247. 

Benseiiiann ; method of Joterniining melt- j 
ing-points of fats, 203. 1 

Benzoline, froiu petroleum uaplilha, 94. ! 

Berthelot; oolie.sion of water mol<*cults, ; 
33. 


H^own oil/, acetyl vAluo.s of, VjC, 124, 248, 

2i,] 


by 


2i,). _ 

as Uibricanls, 124, 476. 

-c!«ar.it'(.t*nsti^9 of, V22-124. 

-—c.lii'miciil cliange,^* caused 

blowing, 122 124. * 

-detection and iiJentifi;alfun of, 

326, 327. / _ 

--detiTiniiiUtinn of. in mixed oils, 

235. 236. 

- --distinciion •iietiwcca eotloiiBeed 

and rape, 123, 327. 

-- ]|(}liiieT values of, 239. 

-iodine values ol, 256. 

-n'iiaifaclurc of, 121, 122. 

-miacibilitv of, with mineral 

lubricating oiks 12’i? 

- — J«f'iek*rt-i\leisBl values of, 242. 

- -lelalion between s}>. p’’., iodine 

valur and aapjjnifioution falue of, 

327. 

--saponification values of, 222. 

-solubility of, in alcohol i^nd 

petroleum sjiirit, 122 

-_ specific |5ri,vity of, 123, 124, 

IH4. 

-.specific gravity of mixed fatty 

acids from, 18.5. 

Bochin ; railway tiain iriclion, 9. 

‘ Body’{aco ; also note at foot of 

p, 56. 

Boiler fittings, luhiicants for, 480. 

Boilei-s, exchi.sion ol lubricants from, 480, 
. 4S<3. 


Boilifig-point of mim-ial luludcating oils, 
101 . 

Bone-fat, ash in, 304, 322. 

-fuHi fatty acid in, 322. 

- iodine value 6',\ 2.5.5 

-— iodine value of mixed fatty licids 
from, 255. 

-lime in, .304. 

Bevar.; Beechi’s rojictioii given l»y o\i- j -meltuip-j >int of, 2n4. e 

dized lard, 289. i —— molting- and solidilying-points of 

-ineltiug-]ioint of fat reduced by chill- j mixed fatty acurs Iroin, 20.5. 

iiig, 200, i -s<apomlica*ion value of, ^ 

Bishop ; melhod of dotormining oxidi/ing i - specific gravity of, 

I "ot'Orty of oils, 268. : Bone oil, absorption of oxygen by, 272.' 

^Jlitumcfi destructively distilled yields oil, ; -as luhrieaot for clocks and 

94. I watclies, 322. 

Black (see A'lv/ii.sand /^ • i-- conipiiratitc oxidizability of, 

Blaokfish oil (see Dolphin oU). j 267. * ^ 

Wack Seji rape oil (.se-' Rimstm oil^ ^ Bottlenose.oil (ad) Sperm oil), . • 
Blake’s oil-testing nVaciiiiie {ru}\tiiul 1 f^ox-fvood '.bv lioarings, 31^. 

369. f j Boy.s'(Y3rnon); properties of soap films, 

Bisading rtf'lubricants, 464. * t . 31. * • • 

BlocdCi factitious viscosity of mineral [* Brazu-mit oil, ioil^ne value of, 255,^ 

(Als, 126. ** t \——'—iodine value of mixed fatty acids 

Bloo'«n ^ee Fluorcsremr.). ' from, 256. o 

Bloomless oil, munufacture oY, 98. '-'•—ssi^jonification value of, 222. 
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Brazil-uuf ^1, siiecifiC ^I'avh;^ t 181. | C^ior oil, iodine value ot n.ixfid faMy acids 

Bwiniue tLermal teat, 257- ?tiO. j from, 2.'r». * 

_value, relation to Hold |---lubn'^ant'or nulwa^s iu India, 

iodin valai, 258-260. ! 1<*6. 

^or^p«riny^ {a e AV«r//o/s). ! — -Mann 'Ue >w4ue u(, 263, 320. 

Buckley’s jds^oji rod bearing, 422. -•.nelting* and soljdilying jioi’nts 

Buisifie } laoi'ess fc..' d 'lerinining liydro- ' of ndxcd I *tty aci<ls lioni, 20r>. 

carSons in beeswax, 245. ;- —_0Mdi7.aldlity of, compamtivc, 

IJurni^riMoint of oil'', 187. j -67. 

IJurstyti; cuccLs of free acid in lulnicanU, \ - -reiiuing, nicLliuds cd, lit, 

2]‘i, * --U'lractivo index of, 20(5. 

j -refraclomctor value ol, 207. 

‘Camblia’ metal, 382. • -Kmcliert and ilfiicliert#Mei, .si 


Cainelinc oil, freezing-point of, ll’t) 

——-iodine value ol, 2r»r*. 

--iucUiio v-due »)1 ini\e<l latU : 

aeidxS irum, 255 ! 

..melting- and solidifying-points ; 

mixed fatty aeiils from, 2{>rt. 

- lefnictonioter value ol, 2U7. 

-bapoiiilicalicn value ol, 222. 

-Bpecitic gravity of, 184. 

Canevvood fur bcaring.s, 393. 

Caoutchouc in ninieri^oilK, 302. 

Capillarity, 42—1-1. 

Capillarv force (see Su/nrjinal tritsum'. 1 
31-47. : 


valuc.s of, 212, tt’di 

i -sa|K)nil}ce'^^»n valiK’ of, 222, 320. 

.-.solubility of, inalcobol, 319. 

i---solubility ot, ill mineral oil, 111. 

; -solubility of nuiieral oil in, 

111. 115. 

-source of, 113. 

- sjiiiCiHe gravity ol', IRl, 320. 

: -testing of, .systematic, 819- 320. 

— — . unauponifiablc niuller, ]icrceiit- 

' * ago of, in, 233. 

-viscosity of, 167, 169, 320. 

; ‘ Cauiicwlalo’antifiicliun metal, 389, 

; Cerasin, melting-point of, 204 


- tube, e-ergy of How through, 2.5, 26. j-saponification value oC 


--— inlet end leslstiinco of, 27. 

-rise of liijuKls in, 42. 

‘ Carboid ’ for beaiings, 394. 

‘ Carbon’bron/.o, 382. 

Carnauba wax, acetyl value of, 251). 

-— iodine value of, 25,5. ^ • 

— --melting-point «d, 204. 

-sapouiheation value of, 222. 

- specific gravity of, 181. 

.. sriecifc gravity ol mixed alcohid.s 

from, 185. * 

—^-uusaponifablc matter Irora^ 


j-sjujcUic gravity of, 181. 

I Ceryl acotate, yield and saponification 

, value of, 241. 

! (Vtyl m'etate, yiehi and saponification 
I value of, 244. 

I-alcohol in spermaceti, 24f). 

Cliainsof motors and cycles, lubrication of, 
; 478, 479. 

' Chapman, auloiuatic cylinder lubricator 
for graphite, 453. 

-^'ind luiowlns) gTaphite and glycerine 

' lubricant for steam cylinders, 476. 


characteristics of, 231, 231, 241, . Charuock ; adnilssibft loads on bearingH, 


,— ans'^ponifiablc matter from, 

percentage of, 233. 

Carpenter (Lant) \ railwa^ wagon grease, 
• '"8. • 


401; 

-ou lo.sses due to friction, 49. 

Charpy; inve.stigations of antifriction 
alloys, 390. 

; Chilled cast-iron bearings, 378. 


Cai«-grea.sc tVo. m jietroleuni, 89. i Chlorophyll in vegetable oils, 101. 

/-( r.-j_J ..,..1 •i’7’7 ' apjUiLtft viftlfl aiid xfti 


Case*hardcned ironvind steel lioeniig •, 377. ' 

(^tdron bearings, 378 

Castor oil, acetyl value of, 218, 250, 320. 

—- — acid, free, fu, 212, 213. 

- ^ - «*haracteristi(ft of, general. 111. 

--'• id, cllbct of.fjn, Uj. • ‘ 

----ooinpwtion of, 111 . k 

-CW' tantfl < f genuine, 311.* 

___t- e^ressfb of, Crfm theisoed,* 

- •method*'oi. 11# ^9 h 

^ 1 . _ _r inA • V 


Cholesterol acetate, yield and .saponificft- 
tioii value of, 241. 

-chaiactoristics of, 231. 

-coloui fexctiRis (^ 292, 293. 

-diffincuon of, liom isocli^lcsterol, 

► 234. » 

— distinction of, and separation from 
*phyftsterol, 232. ^ « 

—^iodine value of, 256. ^ 

..— oixn^keuceeoi, in wool fat, 4^er oils, 
’ 'etc., 2M, 231, 245. 


metuoq*'oi. [i w . • ^ v*..,, 

• • freezing-point of, 199. etc., 224, 229, 231, 245. 

— IWmer ^alue of, 320. - Okguo ; meVing - point of cacai butter 

— iodine value of, 255. * modified by heating, 200. 
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a.,... on alloy, lor •-' | 

0,ay.»i:;:f(:;A,caring, — ZI 

ClaytoiK Inolioi. ol ..way N.'liicloa, „f ohol».Urol, 292, 

^•wilwiy wiioon gi«M' a>. luhncnnt,_”^!‘';f„„tto„.‘iOod oil, 28S-*291. 

Clocks, lulM'icatioiM.r, — Zf-uJhiMidCtlo"''^^, « 

, oiCsi^iiic iJ'^vily ouki. — — “I;,rl.c m 

I'oCoilUt oil, iitjetyl valueol,-.»0. • > ’ 

_a.ci(l Irof, |»roj)orli'>n ol, in, ( »*l/a oil (see 

... . .' ^ (loiiiu’ctiiig i*oiI oiUiups, 4J0, 4-1. 

--1-cbaniL-tH-K jiHHMal. of, llC 1 Oonrad; nnprovcm.-i.t;^ in Ull bBarinR« 

-.. “^"^‘'"'’';.;oosistPco,.a^,.dpoasos.delonni.,a- 

_iclim-value of,-J-Ayil. ^ I _ : ,' ,'V- 


_- .. lOillJU' vailU'OI, —u», 0-1. I . ,1 r 

_ioiHuc value of mixed fatty I ConUHUiuatum l.lius, 9. 

aeid,s iron., 2.V,. -«t l,.,u,d .MU'farcs, .U *, . 

_-lubiicaiil for light niacl-incry.-of solid sui an s,-v 

WV7 -><urfaoi‘, .», b. . 

_ '‘''u';eitiue:i,ointof,2U4 Cook; method ol detenniuine melt.uR- 

- -meltiii;; and soUdilr|^^oiuts ]K>iut, JiJ, 

„f nuved fatly aei.ls l.on, Jk < om ->.•> d/'',cr .n/). 

-lieichcrL and Iteichert - .Mu.'d , r,,.,,, 


values of, -12, 1121. ' 

_satioliilicatioii value of, 222, 321. 

- - —soiwce of, lie. 

- - --spociiieeiavityol, 1S4. 

- _ - - testing ol, 321. 

Coeonul. oleine (ueutiall.^iubrieatil, -1/9. 
Cod-liver oil, acetyl value of. 2;.0. 

___iVeeziiig-foiiitof, lull. 

._iodine value of, 2a&. 

__ melting- and .soliddying-poinU 

of mixed lattv aelds from, 2ur). 
_oxidizability of, eomparative, | 

267. . i 

_rcfiaclive index of, 206. ^ i 

__ refraotometer value of, 20’. 1 

_Koiebeit and Roiebert - Mcis.sl | 

v.alucs of, 242. _ I 

__.salionilic.ation value ol, 222. | 

_speoiliegiavity of, 1.34 i 

____ un.saiioniliable matter, iten cut- , 

ivgc of, in, 233. 

Cob dun and friction, 3 .''- 

-liguios, 47. 

_lirossuri! and, 4. 

-Tail on, 3,. 

Cold lest (see .SW/|./;/-73n.iO. 

Coleman ; siioiiUncous eoiiilmstiuii ol oily 
waato. 

_—-viscometer, 14/. ^ ^ 

X’olosecd (rafieseod), 107.^ ■ , 

Collax-beariiigs, lubncaiion of, 4... 
Coloph'ftiy (losin), dcstri.ctive,di.stdlatiotf 

of, 1’24. . -If* 

_il_detection of, in od, fat, or 

grease, 295. 


(Corrosion of metals by li'ce fatty acids in 
oils, 212 215 

_ol steam cyliiidois b 3 ’ fatty acids, 

105. 

f'osto (and Pairy) ; iniiporiies «d com¬ 
mercial iicatsfoot oi], 024. 
(lotlonsfi'd oil, acetyl value of, 24H, 2;>0. 

-luiid, Iree, in. 211. 

-- blown, acetyl value of, 218. 

_ *'-blown, (listiiiclion » of, froni 

blown ra\>o oil, :127. 

I _ blown, 1 Ichncr Value of, 239. 

I _bio ' n, iodine value of,,25(». 

I _blown, ^Ucicheit-Moissl value of, 

I 21-2. ‘ 

1__[jolour roactioiiR of, 288 2.^1. 

I — — frec/iiig-point of, 199 

I - - --iodine value of, 25.5. ^ t- 

1- -iodine value of mixed fatty 

.acids f oin, 2f'5. 

, _ —M.nnijcne value bj, 2i)?<.. ■ 

. _melting- lift ! lolidil'ying'poinfB 

j of mixed tatty acids from, 205. 

i -oxidation, increase of weight of, 

1 by, 2C8, 270. 

1_oxidixabifity of, comparative, 

/ ■ 287. / *-• 

I __ oXYgiD, absorption of, by, 271, 

^ t •''' 

I \ 2/2.' 


^-refrisetive iiide.w‘(^ 206. 

-i 4 ,fraplomettfr valufe of,'-207. 

_Koicln«^t and .Helchert,* Mwasl 

^ values of, 242. 

_toponilicatiou valK© of, 222. 

—!2_ ^ecific gravity of, 184. t 
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OottonsflodT^^, specific gravity mix'd ; 
fatty acids from, I8ii(. I • 

-unsaponiiiabl© matter in, per ' 

centre of, '*83. 

Cotton^qpd stearin, iodin- vnluc ol, 

--iodi:m *aiue uf mixed fatty acids 

•fr(Jm^2f>r>. 

--uicltuig-iHniit of, 20-} 

— and so]idityin;'-|MHnts 

^mix«d .iitty acids from, 2f)r». 

-- sapimirti-atioii vaiuo <>!, 21’‘’ 

--spocilic gravity of, 184. 

Conloiiib ; friction rcscarcacKf 0, 

-laws of solid IViction, 10. 

-on flow through c.ipillaiy tuhes, 

22 . . • i 


Da^-ioan’s ‘titre lost,’ 204, 023, • 

‘ DaiiMSCiis’ hronzo. 382.* 

D.eky; iuhrioator for ‘.h’ani c} Hniiers, 

— (and Werd). ;ulol'".+'on of jihvne 

par*lU'l NUtiaves, «) f. « 
I'-'criiig; free achi in lallow, castor oil, 
ami sjuTin nil, 212, 213. 

-(and Redwood), soluhihty ol nastui 

oil in alcohol, 310. 

— -viscosity of castor oil, 320. 

Deggut <H ‘goudion’ fiom Russian 

|»eli<dcuni, 11)0. ^ 

‘ l^olta’ metal, 3S2. 

l)c Megri (and kahin-V, •'■'tcnniiiation ol 
iirachia oil m c • .-c oil, 280. 


Cracking of mineral oil {s\n‘a.hoJh sfniiiin' 
ilistillalion), 9o. 

Crank lubrication of, SOO. 
epossley (and I.e »Sueur); consUnls of 
Indian ra^u* oil, 108. 

Croton oil, ncetyl value of, 2 is. 

-Kcicliert-Meifwl value of, 212. 

Cuicas oil, freezing-poi^’t of, JOO. 

-iodine value of, 2.'».'». 

-iodmo value of mixed fatty acids 

from, 2r»5. 

---Re'-3hcrt-Mcis.si value of, 212. 

-saponiiication value of, 222. 

--.sj)eoifixigiavity of, 181. 

Cycles, lubrication of, 178 
Cylinder oil from ostatki, 100. 

-‘ valvolims,’ 1G7, 109 

Cylinder oils, liltercd, manufacture of» 
07. 


—-sap<Uiilication valin- of olive t»ii, 

318. 

Density, delrnninafion of, Rsf 

-ol lubricating oils, ellcct of change ol' 

tempcratuie on, 1S2, 18.3. 

j-ofw'aterat f lo 100' C., ISl. 

!-•elatii*!! of, to specific giavit) , 172. 

I-*scp also Siynjii- t/rat iffi) 

I Djpre/ (and ]'vap«>li’s)«il-tcs5ing machine 
i {•f/'n ), 

J)<‘Structiv'e distillatiun, 91, On. 
j Itewrance’s antifri< tion metaj^s, 3s<(. 

1 Diffusion of metals. 1. 

Distillation, destnu'-tive, 01, O.a. 

•- i„ 0(5, 07. 

' Distilled oils, luanutactun'of, I lom ostatki, 
00 101 . 

-inanufachiiv of, from rc.sidunin. 

i 97 99. 


—--flashing points of. 186. 

--(mineial), viscosity ol, 167, 169 

-oxygen, .ibsundion of, by, 271. 

-rcujced, maimfacture of, 97. 

— -..volatility of, 191-191. ♦ 

Cylinders, ga.s and oil engine, dejtosits 

found in, 477. 

an ’ oil engini', lubtieation of, 476, 

477. . 

-.steam , and valves, duhricalion of, 

• 4 182-4'• 

-corroi on^f, fatty acids, I'ty, 

462, 483. 

— --deposits found in passages of, 

482. 

-design of, 156. 

-•— drain valve fof, lf'7. 

_ . in,perfect natufe of tul»rieatioi^ 
of, 48J • ^ 

-lubi. .ants msed kr, 476 » 

-luDricat(Jp> !or, 456. • 

— -- r- wate% el.uct #, in, 38, 481. • 

Cy.ind''lcnl bearings, elfecU of lo^ and 

8p«ei>on prerisure-lilm of, 74. 

^-results produced by weir 0 * 72. 


--mauufacUuc of, from shale, 

101 . 

Dolphiii-lKHly oil, llchner value of, 23Si. 

-ioiiiiic value of, 2.^».'t, 

- Reichert value of, 212. 

-saponificafion value of, 222. 

--sjK*c,ific gravity of, 181, 

Dolphin-jaw oil, composifion of, 120. 

-Constanta of, 121, 315. 

---llehner vahiu of, 239. 

-identification of, 326. 

-*-iodine value of. 255. 

-lubricant for watcho.s, 12<>, 47! 

-jirepariition of, 120. 

-- jUiiclicrt value of, 2 i-. 

-Ksjfonif%tnin vaiiic of, 222. 

Donath i^chci-.icid action oi fatty acidsen 
• • metals, 214. « * 

Dnl.ii'g^itjuid.^ compnwticn of, 131. 
Dromti^d aiti Riphon (combined) lubry 
► ^ cator. 431. 

-lubri^i or, 4 S'* 

Dudley*: c,\j>euinoiits on alloys for beai- 
ings, WO, 38(1, 383, 384. % 
Dufour ; retarded ebullition, 33. 
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< , 

Dujin'i; molecular adljcsioii, 16. i-atty actip'i'of acetic a^aydride on, 

-solvent ]iov«r of surface filina, 40* ^ 16, ‘M8, 249. ^ 

‘D W.M? ball-bcarhios, 426, 427. ^ -chemical action of, on metals, 

l)ynamoinet«‘rs, 4SM. 21S-2ir>, 

Dyimiiios and inotois, lulnicatioit «l, ITf*. j -free, in oils (see A>,id)- 

! - froB, iu oilb, de+’eniiirfaUon of, 

! 2ir» 218. ^ 

I'.AiiTiiNU’i <»il (site: -}•,(>(.. in oils, gravimetric deter- 

KUicieiioy and cost ol lulu icniits,i nonaiion of 21K. 

Klectiical transjiiissioji ol 407 i • - free, jast niissiblc u.mou'nt of, in 

‘ Mlectricuii ’ aJitiiricU'>n incUl, ! luluicaiiLs, 21o. 

Mlli.s, ^n’case-box, 117. —insulublc, deteimination of, 

I'lhu Wood lor.lH’avin^j.s, -’OS. 2:17.., 

Kme'ison coilun mill j-owi-r scale, .I'.M, ;-insulublc, actcrminatioii o!. in 

'1‘bJ- I j)i. .once of hydrocarbons and wax 

‘ Kinjurc' rolbu b^^uinus. 88, 428, 428 ‘ al(:oliol=, 237. 

Einulsioiis, nature ol, i 1. -^ insoluble, ptopalLtiun of, 238. 

Energy, magnitude of surface, 41. —-melting- and solidilying-poinls, 

!‘aiginc nil from o.stjtllij, luO. determination of, 2(10-2^0. 

-oils, viscosity ol, H'<. ^ . — _ melting of, pbenomcna’obsvrved 

Engines, gas, hil'rication of, 176, !7i i„ the 200. 

— bigh speed, lubiication of, i/f>. _-juixed, ol oils, iodiiM'. values of 

•— locomotive, lubrication ol, 41f», lit',. 2ri.^». 


47f>. 187, ISH. ; 

- -• marine, lubiication of, 176, i 

oil, lubtnrstion of, 177. 

■ - tractn)n, lulineathnj of, 478. [ 

Eiiglcr ; as))]irilt ij{ mineral oil, 300. i 

-ex})rcs4’J.)n of visctisify. Ini I 

--- -Runklcr viscomeler, 152. I 

-slfimlaid viscometer^51. i 

Kpliraiin : detei niinalion of iodine \alui-. i 


— — mixed, of oils, melting- and 
solidifying-jiuinlsof (/oWc), 205, 
-mixed, of oils, spccitic gravities 

of, at 0. U<f(>/r), 185). 

’ mo- ^ 

- — nii.xed. of oils (sec also under 
individual oils). 

-occurring in lubricating oils, 

106. 


Evans (and black); determination ol rosin 
acids by Twiti-holPs prticcss, 2‘»8, 
240. 

Kvapuration oftjil in sfcam cylinderji, 4.s2. ; 

Ewing; continuity of static and kinetic ] 
coefficients of friction, 8. 60. j 

-friction ami speed, .57. i. 

Examinations, bearing, b»i>k for record ol, j 
489. 

‘ Ex, b ’ bearing metal (l‘>n7iH. AV«/.), 381, ! 
382. " ' 


-jireparation and jnopurties of, 

m5, 238. 

'•-volatile, estimation,of, 210. 

Fatty oils (see Fi.'nl oi/s), 

Kentoirs aiitifiiction metal. 389. 

Films, contaTTiination. ti. 

-liquid, stability of, 32. 

-tension of, 31 ^ 

-lubruiating; charactiTistica of, 31. 

-eritiCfil velocity in, 23. 

--ell^ct of heat on, 38. 

-loan of, on cylindrieul boarings, 


I * 

F.vrs, consistenec, detenuiualioM of, 170 : ..formation of, i*c .'.,gh. speeds, 

172. I 61, 65, 72. ,. 

-iodine value ot {iifUv), 255. i -lormation of, at low speeds, 55, 

-nielling* and soUdifyiiig-points, do- | 62. 

terminatior o<. 200 206. .--lormation of, between plane 

-moJtiug-points« 'Ir ,), 204. parallel sur.ace.s, 65. 

-melting of, plicnoiimna ©..served iu i • — heati/.g of, 103. 

'* the, 200. .• ‘-oilin >88 of, 31. * 

-S8])oniiicatiou values off''/Uc), 222. —I-— plastic, 28, 5?. - 

V — 8])e(6tic gravities of, at 60® E {fahlr), — -plastic (low in,,/2^^ 

184 . —-^.rength of;'54. 

--“H-.Baponifiablc mal'.er in percentage !-thic\'oBSof, ^8, 396, 497. . 

of (/ui/tj), 233. ■ ■ — —- thickness, influence of, in lubri'^ 

iMitty'‘acids, acctyl.'itioii of, by bciiedikt’s cation, 51 w 

method, 247. - - —Viscous flow in, 67. 




Films, pres^w*- (lubriratflig), coiAitioiis i 
formation of, 64, 308,%in2l » 

-(lubricating), ^IFect of lo.wl on j 

thick^SR of,*405. ! 

-pimj^rtiea of, Keino'-i,.iul Rti<krro)i, : 


32. 

-fioap-Uii^blo, 31. 

-solvent power of, 10. j 

for oxuli/ing and giunminj; ' 

propei'tTos ofpils, 2(16. 

——-by Moido, with viiiion. fixod ; 

oils, 267. I 

Filters, oil, 468. • i 

-ossentiul fnariiro' ofgoo<l, 170. \ 

Fijukener ; test for rosin oil in mineral oil, ] 
296. • • I 

-t'jsr, for punty of rastoi oil, .'»20. I 

File caused liy s{)ontu:ioi)usiguitioH of oily ] 
• T|j^, etc., 278. 1 

Kiring-jmint ('tleterminatniji I 
of, 187. ' 

Fish oil, acetyl v.due ol. 2r»<i. ! 

-coniparativi’ o.vjdi'/aliility <»f. | 

267. • 

Fish-iiver oils, iodine value of, 286 j 

—~ -saponification val«»' of, 222. '■ 

-(see also Coil'liin ml) 

--spe^dlc gravity of. ISl, 

Fixed idls, acetyl values of 21^-. 

2.'0. 

— -acid, free, lu, iiatine and 

amount of, 210 212 

-chcinic<al action of, on inelals, 

213-218. * • 

-tkicomjfosition of, in .steam- 

cylinders, 126. 

-detection of, in mineral oils, 

--— detection of mineral oils in, 211. 

-4aterminalion and idcjilifica-* 

tiou i*f, in mixed oils, 2'{.6, 2-36. 

— —iHffereneos from vininetal oils. 

• It)., 10^.. I 

-drying non 'frying, lOJ. 

- g—H ft-'hpto'-Doint.s 186. 

T^lN/ng-mi Uof, li‘S). • 

— --HohiKf v^.m^off/oW/-), 23l>. 

-— iodine vhIucr nf(M/'.s). iT);'). 

-■ —iMaumenc values of (io/'A; 263. 

— — oxidation and uumming of (ace 

ii£'nUtfion), 2()0-272. 

— «. — oxygen in, pt'rt|'itage of, 1U3 | 

—- —j.roportiea of, lot ^ • 

—- -r^'!ni»jft8maUquajAitiesof,.pro- i 

cess {^,*21B * j 

- * Heichei’^ and IJeimiert • ^^lSHl i 

• • values oirf/uW?-),#42. ^ • j 

-- saporniiCHtion values of {tubh ),' 

222.^ • . i 

sources and composition oi, 1C3. • 


Fix^ oils, specific gravitier r'f, at (!0® F., 
104,172, 184 • , 

—-misapcuiitiable matioi in, per¬ 
centage; ^..f 233. 

Flasliing-poiut, Abel ti ‘ * ' . determining, 
187.* » 

-‘clo.scd tc.Rt' f-‘r, 187. 

-determination of, 1S7-191. 

-dray's tester for tlotormining, 190 

FUslung jMiint, limits uf stafety, 18G 

- meaning of, ls6. 

— of cylinder <.ils, 187. 

-of hxed oils, 18(5, « 

-- of mineral lubiicjiting oils, Idl, 
186 , 

‘open test’foi, 187. 

-Tonsky Maitcns lest tor, 188. 

-volatility of oils ctini]'arcd with, 194, 

31(1. ■ 

Fluorcscflucfi, <h ‘bloom,’ 9S. 101, 

229. 

-ehttr.ictcnstic. of hydrocarbon oils, 

229. 

'Tc'-troyed by nitionaphthalciio, etc , 
* 304. 

Forced lubrication -lO'J, 103, 1.38 141, 
47.6 

Fox ; chemical action oflatty^cids on lead, 

211 . 

oxygen iihs«n]d.ion test, 271- 
(and Ihiyncs), cliangcs caus'd by 
blowing oils, 122 

-(and Baynes), llchuor v.du(“-;of Idown 

oils, 239. 

Fiaetional distillati(tn, i>l, n.'>. 

Frankft’s niech.iiiical inbiicator, ■13,^. 
Freezing of lubricants. 461 
Frcezitig*|)oiiit (sec S''-ftniii-pniiil). 

Kricli'm, at high speeds due to visco.sity 
of oil presRurc-lilm, 398 

-coofliciciit, contiiiuity of static and 

kinetic, s, (Jo 

-coellicient, mcisurenicnt and delini- 

tion of, 6. 

- coe-fficient, Morin’s appavatiis for 
, ni(*asuring, 6. 

-ez)eiricie.nt of, sL high speeds with 

perfect lubrication, 364, 102. 
coerticidit of, at low speed •, 97. 

-e<M*.l!icioid ol,Jy!twecn the same ami 

(l^ermit mwd' 7. 

-eoelffi^icijtof, kill* ue, 7, 8. 

• coefficient of ‘ Ma^fndia ’ metiu, 8. 
Coefflv%ilt of, stain:, 7, 8, M, 

.^odheientof, with viiryini^-loads ami. 

• Sjiecds, 61,316. ^ 

g— cojjesion anb, 3. • 

-»,ontamination lilms and, 6, 7. 

-elfei’t of. 1^n bearing tcinperati^e, 77, 

78. 



fural. 


Fric.tiAn, etFect of viscosity of lubricat4,on 
m’ior hwft'iitK, 

-cil'cf.ts on luaciiincry at low 

0 C • 

— liouUn^'by, 13,14. 

-.lOutinjiof lulirioatinji filiws, ellcctof 

nil, 103. 

-sppi‘<l, 3*n, 

-lii^h S|ict‘(] tUic to visco.sjty t*r lubii- 

Clint. llOf) 

iuihuiiicr ol bcaruj" area upon, 81, 
-t nlhicuffc" i)f ftu<i s]vfiil on. 7l 

78, 40;. 

-jnlliH‘nco of j^MJctliod of luln-ioilioa 

nj»nn, Ml. H.‘5, 10*J. 

-inlluiMicc of .surfftco eotHlition on, b. 

-nilUiPiiCf of Ibiokncss oi Inbricatiii*' 

liliii.s oil, r-i, M»r>. 

inlliiciicf of \i>cosilv and oiliness ol 
lubricant oil. Ml, Ml. 31«) 

- inlci iml (viscosity) of liquids, la ‘is 

-los.Hi's rcsiiiliii,!; from, ffi, 

— oj iHill bl■anno^i, 86 S8 

— - of brakes, 9-11. r 

- o{ l•ontlin!inate^I surfacc.s, u. 

-of oylimlrical b(!ari^".‘^ 7181, 

— - 111 h-ad l."imzeb(iavinf;s, 380. 

-of leather licit, 8. 

-of jiivots, variation of, ^ith spifd 

and load, 09 

- of i-ollcr bearings, 88, l*.i9 
-. ]i!astio, 38, .^j3. 

rolling, 3, 12, 80. 
seizing caused by, ft. 

— .slow speed, .^7, 391 

-solid, and sjice.d, 8 10, .'i7 *»2 

— --introductory, 1. 

-Inws of. 10. 

--nature of, 2. 

-- - Ronnie's i*X|«nimeiits on, 7. 

-tiioory oi, 12. 

-speed, ellect of, on, 60, 61, 316, 

391. 

-static, of roller bearing.s, S.S 

-- viscosity and, f*! 

-variation of, with sjicfttl, 60, 301. 

-wear causod by, 2. 81. 

KricdnianiiN i>ump ' ’ Ibiderdulirieutor, 
47.0. ^ ' 

Furfni'o! teal fovsesanu oil, 1^92.^ 

Fnntes^ lunrieator tor steam eylindm. 
153, 451. ' ' * 

% * 

A.0Al.KN\i ixlooil, viwosRy^of, U7^ 
(lalici^n mHcliine oils, visco.sity of, 167. ’ 
(lalton ^Douglas); iirakt fricUon^experi,. 
nients, 9-11. 

Gaseifgines, lubrication of,*476. 177 
(JaBohne^ i)4. 


I ‘ Gelatii^i for thitSeJning miijfnfe oils, 126, 

! t ;i)3. «• 

I Gellatly; fjioiilani.'ous ignition of oily 
I Waste, 279. ^ * 

I dill (and Tufts); sitosterol 'in ipwze oil, 

! 234. . f 

i‘(tlobe ’ od, visco.sity of, 167.^ * ^ 
GKcmii, det4>rniination of specific gravity 
of, 174. rt, 

I-used in lubrication of sVeam cylinders, 

I 476. 

dlycerol and water, dclcnuination of vis- 
coaittos of, 136 140. 

, -viscn ’tios of, at 20'' 0 . {inhlc), 

110 H3. 

,#* Glyeo ’ autifrictioir metal,J589. 
doMniaiin ; determination of volatile fatty 
uciils, 240. 

duodtnan . i-liaiigc ol cwtficiont’.:^ friction 
with increasing load and speed, 
61 . 

■ — - co-flirieiit of friidion at low speeds, 
57. 

-ellecl of bisn* 'ih, etc, in antifriction 

. alloys 392. 

— espenmonts wllh ball bearings. 86. 

, — iinestigatmn of antifricliMU alloys, 
391" 

; — lead as an antifriction metal, 392, 

'-losses resulting rnmi bearing friction, 

49. 

— low-sjieed fnclion,-experiments on, 

.58. 

■* -thickness oflubricating oil-tiliiiB, 396. 

— viscf».sitv am! cylindrn-il bearing 

' friction, on, 80. 

j (Joodman’s friction testing inachinOB 
j {(Iriiiu), 356 -.1.59. < 

j Gore; solvent power of surface films, 40. 

I* (loudron,'cbaractcrisiics of, '4'^‘ 

-lubricating grease made from, 100. 

‘(Jraney’ bio|'>', 382, 
diupeseed <u(, acetyl value of, 248. 
‘drapliite' antifrietiuo.metal, 389. 
t i ra])hite, application bi’, to steam evHnder.s, 

— 153 , l7G. ’ ' 

-for heavy lo£^s,‘471f 47*2, 479. 

-lubricant for cast-iron surfaces, 472. 

fJiay ; llasbing-point apparatus, 190. 

Grease, analysis of, systematic, 328. 

— a» lubricant fof motor cars, 478. 

— cart, from.6.iliciaii pelroleun},<S9. 

-con^istpjiee of, methods of measuring 

, the, V70-172. ' 

— ‘ cup,’ manufarture ct" J27. 

j-^ detection #f soap in, 30o. * 

^atection of^&norganw Biibstaiccs imd » 
stal'd! in, 303. 

—• ‘engirp),’ manufacture 127. 

-hoVuock, 131. 







Q^tmp of, ]thlo*)mpn£ ^served?ii 111^1^(1(0. E.); pxjieriiiieTi'.i on ct'tftik-pin 
he, *0, ^ i #1 lubrication, 31J0. • , 

ting'Hoint, (letei'ininaJtujji of,'2nU- Hobncr. ubspu'*rioi' on llecchi’a coUon- 


Grease, m^t; 
the, 

— melting-^.. , # ' 

206. • • I 1^9 

-(yiantify conf}uni(.'<.' in railway wagnn '-(aii'.l Milton 1), Liuiniuc theinial tost, 

lubrication, 129. i 258. 

-rfiil^fuv wagon, i2S, 120. . Jiclmct value, ^.ll•t^•nnin^ltion of the, 237. 

—- roain, Jluilomtion of, 131. ' i --ol fixed and blown oils {laUe\ 

-cans, of tonoation of, 130. ' 230. 

-inadiifactuve ol. aiialyscR, and ^--xistMif. in the analy.sis ol Iidivi- 

uses of, 12!f, -172. cants. 236, 237. 

-soap - ihickened, nanufaclna- and !l(“le-S)iaw : Uioory ol solid friction, 12. 

analyses of, l2f» 131.*» lIcmpsiaHl oil, acetyl vahu* i.f, 2iS, 

-nnsnUablc for ijirok-rumiing iiMchin-- 

ery, 46'i. | -• 

-use of, for loco*notivo lubijea.tion,a- 

467. i 

- — uses a.s lubricanl, 4G6, 1G7. • — 

(lr<‘ase-ci}p lubricator, 43,(I, 441. j 

(IreaTiiness, property of lubriennts, 30, ' — 

461, 162 




of mixed fatty 


dripper : ajiproxiniab- analysis ol mixed 
inbrieating oils, 221. 

duminiiig of oils son'‘‘times dm* to lie«* I 


-iodine vab- - 

iodine vnliui 
.'leids Iruni, 2.55. 

-oxidation of. eltaiige of weight 

by. 270 

- - melting- and sobdifying-points 

i>f mivrd fatty iii'ids hum, 205. 

-relnietometm value of, 207. 

-•i.'ijKmihealion valno ol, 222. 

-speciOe gravity ol, !S1. 

-- unsapoiiili iblf inatU'i', percent¬ 
age of, in. 233 

Hesse ; colour test foi e.bolesterol, 21>2. 
liickoiy (wofKj) for bt'aiing.s^.ISPo. 

Hide foi wheel teeth, 393. 

\ High sjieed engine.s, hibiicatlon of, 17.5. 

I Him . friction ol ]ubrK'ate<I .snifaces, 9. 
IlAUHNnAOlI ; on coi rcetion for energy of; * Huirmaim ’ ball-beaiing, I2S. 

capilbuy ib)W, 26 llolmeister ; metlmds for (Intermiiiaiion ol 

Hall (]‘roctoi); in'-usurement of si^ifaco*i .setting jioiiit.s, 197 


acids, 21.5. 

-and oxidation 

26.5 27M, 

- {roc ixuluhoii). 

duu-metal, .379, 
dypsuni for bearings, 393. 


r lubricating oi]‘ 


i 


377. 

375- 


fatty 


Un 5)11, 4.5 I7. 

Halplien . colour rcaclion of cotton.seiHl 
oil, 2S8. 

Hardnq,su and its delenniimtion, 31 
-relative, of nu'tals*and alloys, 

‘Harrington’ bion/c. 382. 

Hazel-nut oil, composition of. IIC. 

_ g |,-.rd characters “h 110. 

-iodine value, of, 2r«;». 

-iodine valuo of» mixed 

255. 

-— lubricMitHi'ia •ilelicatc mcch-ui- 

isms, IIG. 

—-lubrittint for walclnxs, etc.. 

474. 

--melting* anfl .solidifying-points i 

©01 iidxcd fatty acifl| from, 205. 

-- i; Iriiert-iMeisel value <^f 2-i2. ^ 

-saponilwation valui.^ol, 222. , • 

-source of, 113. ^ ^ • 

-^ap^ificgi^ *ty fKl. f 

^ting|Oi beariygs ,856 5^v(r/«g.s). ^ • : 

-vLoC' ity and, 191. 

Hedge-mustai^S oil, 108 
gadpe -radish oil, 108. 


Holde ; nsphalt and ivsin in mineral oils, 
3U0 .3(12. 

— • ebangi-'S undeigoiie by miiu'ral oih 

exposed to ail in thin lilnis, 272 
■’78. 

-cohmr reaction of rosin oil. 291. 

-detection ol fatty oil in mineral oil, 

219,326. 

-detection of mineral oil in fatty oil, 

219. 

-deb'Ctioii of nitroniiplitlialene, 305. 

--- detection ol watei in oils, 30f5. 

(ictcnnimalion of fla»hing*point, 18H, 
1K9. 

-Knglcr’.s viscometer, use ol. i52. 

— -organic ac.ds^in mineral oils, 210, 

218. ' *J 

— oxjdfftioii of fixed Oils, 267. ^ 

1 - 1 —a xygen ab.sovptioifc^t>st, 271. 

:- |.ar:flf*inminorid oils, determinatioT 

i oj, 2»!)! • 

. 4Iol!y twood) for bearings, 393. ^ 

^rayi-valw! for .stRani c^flldeis 

j Hooper; acMif^’ of commercial netfcsfoo 
oil, 324. 



IND1<X. 


M2 


Horae ut, iodine value of, 255. ^ 

-iodineValue ol inixtMi fatly acids 

fiom, 255. 

•-!ueltiuK-|«nn‘‘ of 204. 

-- — melting- and solidfying poiiili. 

of mixed fatty acids tro.a, 205. 

-Reichert and Jleichert* Meis.s1 

values of, 242. 

-sapoiiilication value (»f, 222. 

- - specific gravity of, 1«4. 

Horso oil, Mauiiicm* thermal value of, 2().‘i. 
llorseloot oil, acetyl value of, 250. 

-— iodine value of, 255. 

- -lodim; value of mixed fatty 

acids (1001,^255. 

--spcciijt gravity of, 184. 

Mot-neck grcaHP.s, llJl, 479. 

How (Tlio.s. W.); on rollei bcaringa, 88. 
Howat (A.); drop sight-feed lubrioator, 
481. 

Ibnlc’s antifriction metal, 389. 

Huhl iodine process, chemical reactions oi 
the, 251, 252, 255. ^ 

—-value (sec imltur mhif). 

‘ Huile toiirnaiitc’ (‘ liuilc d’enfer’), IV- 
Hurst; volatility of macluue oils, 192. 

‘ Hyatt’ llcxihlo roller hearings, 428. 

-Iloxible ’oiler bearings, liictioii of, 

429. '■ 

-flexible roller hearings, loads carried 

by, 429. _ _ f 

Hydraulic machinery, lubrication of, 54, 
479. 

Hydrocarbon oils (.see MtHmtl Iubtintl- 
iiiij Jiosin tn/}. 

IlydrocarlioiiB, hleiitiliwxtion of, in «n- 
saponifiablo mutter, 229. 

-occurrence uf, in beeswax, 245. 

Hydrolysis of fatty e.stcr.s, 105. 
Hydi’iimetors, 177 179. 

‘ Ibis’ autifi'iclion metal, 389. 

Illuminating oils from ]>etroIoum, 91, 94. 

-yield incrcasc<i by cracking, 95. 

Ingham and Staydbr ; oil-testing machine 
{(lrKm\ 350. 

Iodine v 'ue (^Iculated from bromine 
Iherniul test, 258-260. 

--calculated from Maumenc test, 

2(54. 

. —— dctorminatA.n uf,'«iy llubrspi-o- 
CCS8, 252-256. ^ ^ 

-(IctermiKation of, by Wijs’.s-pro¬ 
cess, 257. 

--- - meaning an<l uso'Uf, iiioanaly.sis 

, of oils, 251. 

— — of blown oils, alcohols, resin^ 

solid liydrocjirbon-s, imnetal lubn- 
w eating oils, and rosin oil (fa&fe), 
256. 


I'»dine vafuc of oils, fat'i, and waxes 
{h.bfr^ 255. 

• -- of-rnixt'd fatty acids {table), 255. 

Isdcholesterol, characte.istics of, 231. 

-- distinction of, from nholesteijplt 

• — occurrence of, in wool at, 231, 232. 

.Ia«5o|{Y’s alloy for Ijght loads, 389. 

.lHml>a ra}>e oil, 107. « • 

.Japan Usli oil, acetyl value of, 250. 

.lapan wax, ucotyl value of, 250. 

-iodine value of, 255. 

--mU'ting-point of, 201. 

--—melting- and solidifying-points 

of nnxeu fatty acids from, 205. 

--sajHmilicadon Vidye of, 222. 

-- — 8jK5ciiic gravity of, 184 

.lean (Amagat and), dillerential refracto- 
meter, 20G. . 

Jenkin; coniiuuity of static uml kinetic 
coellicicnts of fi icthm, 8, 60. 

- - friction and speed, 57. 

Jenkins; bromine tliermiil test, 258. * 

— melting-pnintrol hitty acids from 
blown oils, 123. 

.IcBSoji; lubricttion of connecting-rod 
big-ends, 120. 

Jewelled bnarings, Ill. 

Job ; investigation.^ into the causes of hot 
l)earings, 382-384. 

-on torsion viscometer, 155. 

Joulo; mwjbanicul equiv.alent of beat, 13. 
Jounmls, corrosion of, by Irco fatty ucid.s 
, in oils, 215. 

Ka?ok oil, colour reactit)n of, 2S8. 

Kelley’s watch oil, results of examination 
of, 121. . - 

Kelvin; law of molecular attractions, 
c ;;4. 

-lijuids for illnslraling intcrfacial 

tensi/p^j 34. 

Kerosene illaniinatiiig oil from pclroleu..i, 

91. . 

KimMl on fii-.’tion and speed, 8,. 

- .i on lew speed friction^ 5r, • 

Kingsbury ; fricb.nn'Sf ■'•.ws, 870-372, ^ 

oil-testing macliine, 361-364. 

- on air as a lubiicunt, 85. 

-tliickne8.s of lubrii-atiiig oibhlmfi, 

397. . 

Kingston^ sntyViction alloy, 389. •« 
Kisslingj appaVatus for determining con* 
Bi^tewce of fats, >70. ' 

—I oxidation of liDheed rib 267.'‘ 

—^ spontaSiepus heating m ohy hbroQs 
' ^ mineral, ^9. w« v ^ * 

Knowles (see Chapman). 

Kurttsjorfw: ‘ degrees’(ofibidity), 216. * 
-value (saponification value), 220-223i 



fisBEJf. 


^ 4 C 

Ennklcr; ap^ratuj fol'^Jffcroiiinn^ con- 
Bi-stricuoflats, 170. (•. { ( 

— viscometsrj l^:i. ^ 

Tiilci-ii 4 Tsl\a macljin s, lubricants u^cd 
f')r. 17*« 

LafondPs ‘ulor forluavi y loaded bcaiings, 
382.’ 

‘Lahin^or’ «‘il-te>ting machine (t/nim), 
304, Z\j:\ 

Laplace; sUldlity uf )i({uids and .solids in 
contnct* 37. 

* Lapping' (pn'Ccss of grfltding hard 
metals), 3. 

Lard, iodine vabio oi, 255. 

-iodine ^hie of« mixed fatty achK 

from, 255. 

—— melting-point of. 201. 

—and solidifying ]M)iijts of 
mixoil fatty acids from. 205. 

-refractoineter value of, 207. 

-Reichert-Meissl value of, 212. 

■-aaponificafioii value of, 222. 

-specific gravity 184. 

-unsaponifiable ma.ter, jKsrceutage of, 

in, 233. 

Lard oil, acetyl value of, 250. 

-clu^racte.r.s, general, and com¬ 
position of, 118 

-coefficient of friction (static) 

with, 52. 

-— congealing point of, in relation 

to iodine value, 323. 

-constants of genuine, 315^ • 

-.-frooxuig-point of, 199. 

-iodine value of, 255, 323. 

-MauuicuH value of, 323. 

—■—fT- I'repar.'ition from lard, 118. 

-—.— r«..''ractometer value of, 207. 

—^ ~ 3 i^aponitication value of 222f 
324. 

-specific gravity of, 184, 323. 

— pacific gravity of mixed fatty 
acids fro n, 185. 

--—testina.tir adulbarants in, 323. 

*5 matter, pe«*ut- 
age or, d5'1. . 

--uafis as lubricant, 475 

Lasche; ex|)erinient8 on high speed friction 
and lubricatioQ, 76, 77, 414. 

—^ relation between bearing temperature 
• 'id friction, 77,*78, 103. 

Le Sueur Crc'<!<ley). ^ . 

Lead as an a.itilidction met4, d92, 472. 

— ‘brouze iHarings 379. | 

— -lionzfbeariflg relatife frictiqi) and* 

, #w ar o^^7., • 

— — i?^.^f’aring hiotals, eti'ect of, 6R wear 

oi joBiriials, 381. r 

^ Leeds; rosin acids in rosin on, 1€5. 
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T.c^iaHn (and llcam) ; u n of glycirol for 
Kcicln-rt-Meissl pfoceHs, ,,;i40. 
Leonard; defection of nitronaphtlialene 
30.5. ^ 

Lewis (U. T.); ivatcii and chx5k bciirincB. 

nif r, 

Lewkowit.sch ; ao'tyl value, detormhiation 
of the, 218, 219. 

— • -• acetyl value., meaning of the, 251. 

-values of oils {(iihfr), 250. 

-acid, free, in p.ilm oil, 211. 

-characters of cuminercial blown oils, 

121. • # 

-chemical changes msed hy blowinii 

oils, 122. 

-choic.stejol, action of potash lime on, 

210 . 

-colophony, determination of, by 

Twitclx'ir.s jirocftss, 239. 

-iodine value, determiimtion of the 

256, 

-iieatsfoot oil. properties of, 324. 

-nitrio acid teat for cottonseed oil 

’ 2u5, 291. 

— rasiu oil, specific gravity of, 126. 

——sjjcrm oil, alcohols of, 215. 

-s|>erin oil. composition ol, 112. 

-tallow, iodine value of. 322. 

-unsaponitiablc. matter,’relation of, to 

firo risk, 2711 

Liebermann ; coloiiv reaction.s ofeholesterol, 
rosin acids and rosin oil, 293-295. 
Lignum vitiu for bearings, 393. 

Limestone for bearings, 393. 

Linseed oil, acetyl value of, 218, 250. 

-blown, Hehuer value of, 239. 

-freezing-point of, 199. 

-iodine value of, 2.5.5. 

- — iodine value of mixod fatty 

acids from, 255. 

-- Mumiione value of, 253. 

-molting- and soUdifying-poinU 

of mixed fatty acids from, 20.5. 

-oxidation of increase of weight 

by, 268, 270. 

— --oxygen, absorption of, by, 271. 

-refractive index of, 206. 

--- refractometer value of. 207. 

-Reichert-Mfissl value of, 242, 

—— — Ba)>onili('atm?i value of, 222 . 

- s|4nfi*gravi y of, 184. 

-8p»>eifio gravity of mixed fatty 

• • acids from, 

— • —•“wunsuponifiabJe matter, percent* 

^age tf, m, 233. ^ 

Lii^ids, attractive forces between omlecules 
01^33. i ^ 

-discibility of, 35. 

Liyache; drying of oils by ovidati^n, 265. 

— test for oxidation of oils, 267, 268. 





Loads iduu.isiWe on liearinga, ■104-408C, j 1- 

--on b^Il b''ai^ii<»s, 125. 

--on I'ivot If'ariu.i's, 12b J- 

--on Burtacc b“aviiig», •'107, '108, 11. 

--*'•! railway hwirings, | 

-on roller be trinys, I2<b , - 

Lobry < 1 ' Ibuyn ; (IntGctwm «.f mineral oil | 
in sperm oil, 2 ‘iO, }')2i». j - 

Loouniotiv*'engines, loads on boaringa of, , 

no. , 

_lubrication of bearings of, 415, • 

r -no, 4^5, i 87, 484. ^ | 

Looms, lubriraiiJs Used for, 1/4. 

T;nrri>-H. .steam, lubricatiim of, 478. 
Lovibond’s tuitnmitcr for observing the \ 
ciilour of oils, 309 1 

‘Luaid’ autonmtic cylimler-lubricator, | • 

■irn. ! 

Lubneanis, acnls in, cilVofs of, 213. 1 • 

—— adultcralion of, 158. I 

-lilendfd, -Id 1. . i I' 

__clianges caused by ^ conliiu'i-t'| 

use, 105. 

__ ]trecii)itatioii of solid jiaraltin 

in, 100. 

-clarification of, 408. 

.cost and cinciency of, 193. 

--deoompt'CiUon of, 182 

-tilters for, lOS. ^ 

- -- for 1 oiler fittings, (80. 

— — for high sjiecds, 473. 

--for low RjK-i'iis, 471. 

-for luotat against wood, 472. ' 

-for moderate sjteeds, 172. 

-for nuts and holts, 480. 

freezing of, 401. 

--friction of solid, 11. 

_ , grcasine.s.i of, 101, 402. j 

--grit, etc., in, 470, 

-gumming of, 400. 

__kinds of, suitable for various loads 

and speeds, 4G5, 471-474. 

--mea.suremcnt of efficiency ofj_494. 

_ juecbanical testing of, 330-3/0. 

--mixed, analysis of, 328, 329. ^ 

— oitineb-of, 401, 402. 

_plumbago, for cast-iron, 378. 

, ,—. selection of. 493. 

__solid, for heavy beai:.igs, 471, 472, 

479. (i ‘ 

--shear of, 14. V 

__staL.iiig of fabrics by, 403.^ o <• 

__straining, inipoi’t-.inc(! of, 4^b 

_tofltiiis,of, by physical and chemical 

method 8, 307-329, 1M), ^ 

— tl^ng of, by mechfinical methods,^ 

330-370. '■ 

,— u|t- of fats and greases as, 466. 

—— variable oilincss of, 33. 


ijubvicanl-i, visciftil'Ly of, relation to 
, llbrioation, 462. 

Lulmcatyig films (ace 
Lubiicivting oils, comp 08 itimt»pnd identifi¬ 
cation of uiiBaponifiablc nv'-Hcr in, 
228-235. '** , , ■ 

'-containing sperm ojl or vonl fat 

I and mine.riil^oil, analysis of, 215. 

j-flcjjsity, alteration in/T*au8ed 

by cliangB (jf^ tein'lteMture, 182, 

I 1^1^- 

I_expansion of (alteration in den- 

! sit.y)^82, 183. 

i__— miliercl (see Mmcvnl luiriccit' 

I nitfoih). . 

1 _- mineral, 

j from crude pctioleiun, 9). 

! __— mineral, sp'uled by destructive 

distillation, 95. ' 

_mixed, approxiinale anSyfiis of, 

223. 

_mixed, deiennination and iden¬ 
tification of the saponifiablo oil in, ' 
235, 236. f 

___mixed, deiormination of un- 

saponifiable matter in, 221-228. 

_mixed, systematic analysis of, 

328, 

_oxidation and gumming of, 

265-278. 


-oxygen, absoridion of, by, 269- 

271. ^ ^ 

Lubrication and friction (gentral remarks 
, on), 48. 

_fiatli- and pad-, compared* 57, 83. 

-bath*.Tower’s expenments on, 402. 

•-IlelH.s’system of. 438, 439. 

-by air-film, Ji5. 

—by pump circulation, 415, 
c—by suction at point at‘ ,v«^'tive 
presHiire, 73 (footnote). 

-contaminat’o!* films and, 6, 38, 48, 

-ecoiiomicin, 497. ^ 

-eilects of lilm-strcngtb on, 64. 

,_elUciency»of, at 3i0erent loads and 

speeds, 61. > 

_fomed, 402, 4033&'411, 475. 

— greases used for low speed, 63, 472. 

-high si>eed, 6'*, 64, 395, 473. 

--tlieory of, 64-83. 

_importance of, ^to pr<*vent abrasion, 

6.5. < t 

innucnce of# the method of lubrica- 
tio*M OK, 56. 83. » v . . 

_influence of the nature wd cwidition 

t of fri6n.ion surfabes onrSf/.^^^ 

—r influence bf|pi 8 COsit 3 {,and oilyiess of 
lubricants on, 56, 473. 

-i,low speed, 50, 55-63, 39<i, 471, 

.—. —t theory of, 62. 



INDEX. 


5 ;b • 


LubricaUouwnelhodicai habita, imnortaucc 
of, 487. 

-objects of, V®. ■' 

— of bailor !.ttin;(S, \h K 
—^5collar*bcaungs, 4*i*^ 

-^ff()nn?^(.ting-rod liiif onds, *120. 

— of cutting loola, 48. 

— of cylinders'-, ellbcts of water on, f>l, 
» -18-1. . 

-of cylmihicnj surfaces, theory of, 72- 

84. 

— of gas engiu'-s, 476, 

-of high speed engines, 47f. 

—— of hydi-iiulic miifliiuery, o1, 171). 

-of inclined plane surfaces, theory of, 

69-7t. 

-of locomotive engines, -tir). 416, IT.o, 

4S7, 488. 

—^i^fiiarinc engines, 176, •4S8. 

-of iniscollaneous machines, 174-479. 

— of motor cans, 47S, 179. 

— of oil engines, '177. 

—- of }>iston rods, I’Jft 
-of pivot bearin^^ i-JX 

"■ — of jiivots inatlieiiiaLically considered, 

68 . 

-of iilane iiarallel surfaces, theory of, 

Cl. ’ 

-of jilane surface bearings, 421-425. 

-of railway vehicles, 478. 

-of slide-hiocks, 121, 422, 473. 

-of steam motors, -178. 

-of traction engines, 478. 

-of variable load bearings (crauk-pinl, 


Id'br’cator, drop-feed ^nd fciphon (com- 
binedl, 4 5^. 

-Fninkc’s ii.pchani'--:.!, 435. 

-Fricilmrnr . p'l: for steam 

ci’lindevs, 450. 

—— ‘ Fiirne-,s,’ fot steom cylindbAs, -153, 

ir.i, 

-grease cup, for steam cylinders, 411, 

-‘ Ijiurd.’ for sleam cylinders, 151. 

-noeille, h’.O. 

‘ Octojms’sight-feed, 1.38, 

-OtteweH's, for steam cvlindi'ts, 111. 

-‘ Hex,’ for stoa’o eyliffders, 1^.). 

-‘ R(weoft,’for Hleam L siimlor.s, 111, 

-Horde’s, forsle;,-^. cylimlers, 117. 

— ‘Serjiollet,’meeluini'-al, 181. 
--.si]ilion, 130, 181, 

-Smith’s tiiilomatic valve, 1.55. 

-Stauib-r "lease eu]>, 1-'>C. 

— Threlfall’s, for locomotives, 132. 

-- for steam eylinder.s, 183. 

- .'ihtoii’s, for shafting, etc., 410. 

-Wnivefield's, for steam cylinders, 417. 

-Winii’a. foJ Kteain cylinders, 449. 

Lubricatois, 180 456. 

-automatic and mechanical drop-feed, 

182-181. 

-inechauical ‘ pressure ’ 434 -436. 

-needle, sii>huii and dro])-fecd, 430- 

482. 

-.steam cylinder and valve, -111-456. 

Lungwitz (see Scji'i^ri(-jr). 

Lux’s test for fatty oil in mineral oil, 
219. 


eU. ), 419 421. 

—— oil-])ump, 487, 438. 

— pad-, 84, 436. 

— ; id-, To cr’s experiments on, 401, 

——• l*Sir3ona’ system of, 188. 

—^ ct,’ 50, 402. 

—— — advantage.s of, 396, 397. 

—“ plastic dids, use for, 63. 

* -ring, for leac'-voir Ljarings, 414. 

— splash (cluinj\}6r), 4 41, 4/5. 

■ 5^ ’ 

—fvKiitj-'T anc. valve, 441-^6, 


—~ supeificial tension and, 30, 53, 5.. 

-surface-film solvent power and. 

40. 

-tlioo' V of, 48-81. ^ 

-itreateJ tr three diwisions, 51. 

— viscous Ih'W and, li. « • 

Lubricator, Adams and Grendicon’s, for 

Rteaji -yli^dei- 46!^ • 

—— autorr -.tic, for i -•am*cyliuderB,^441. * 

— ^hapmai *1 aut.uriflic steam cj)iiWer, { 

for ^rafihite, 453. 

-D^eley e steam-cyliudei^ 444. ' 

•— ^^rop-feed, ^31. , 


Maphinr tools, lubricants used for, 475. 
Machinery, cleanliness, im])orLaiicc of, 485, 
4.S6. 

— general, lubricants used for, 475. 

— —■ hydraulic, lubrication of, 51, 479, 

-management of, 485-193. 

-miscollanoons, lubrication of, MA. 

-oils, viscosity of, lt>7, 169. 

-light, from ostatki, 100. 

-on-to.st!ng (see T/’sHmj 7naehhies), 

> 330-372. 

-preservation of standing, 189. 

-starting new, 486. 

MTIhiney ; determination of rosin oil in^ 
mineral id, 298. 

Mackey.: cloth cJ tester, 2'S0-283. 

-A. results obtained with^282. _ 

onantancoiisigidtion afoily materials, 
'•2f9. 


I 


—^ uftisajimiifiable matter, wlation of, to 
fire-ri'ik, 279 

MacK^uglit’tj testing machine (ttiscj, 365. 
‘Magnolia’ metal, composition of, 889. 

r-:44.;.. experiment, ^th, 8, 


- friction 
387, 
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Maize oil, acetyl value of, 250. ♦ 

-f'jeezijig-point of, 199. 

—— --iodine value of, 2.55. 

-iodine valuf of 'ni^ied fatty acids 

from, 255, 

——*-melting- and solidifyiiig-pointft 


Menhaden oil, iodfne value o^255, 

— -r-Maimene value of, 263. 

-Tleichcrt vttlu'^. of, 242. 

--Bpeciiic gravity of, 

-Mnsaponifiuble matter^' 

ccntage «»f, in, 233. 


of inixoil latty acids from, 205. I Metallic packing (see I’isfoii'TOt/' -jiad'hips)^ 

—— — Ueiclicit value of, 212. | Metals, coruision of,.by fatty acids in oils^ 

—■— — suponilicathm value of, 222, ! 213-215. 

-sitosterol in, 231. ;-ditrusion of, 4. 

-specilic gravity of, 181. '-relative harflncss of, 375, 376, 377. 

...un.sapoiiiliable matter, j)er- j Miclielson ; onpinoa-surenient of superficial 

. MUitiigf (if, in, 233. I lensioh, 45. 

-unsuitaliiliLv of, for lubrication. ! MilHuu test loi‘ ’'ottonseed oil, 288, 289. 

107. .. * !-test for ses.iine oil, 292. 

Manganese hrotize Ixiariiigs, 381. ' I.liueral acid, free, oeteruiiiAtion of, itb 

Ma])k‘(wood) for hearings. 393. i oils, 217. 

Marangoni ; behaviour of liquids in con- |-in refined rajie oil, 313. 

Ui,ct, 3.'i ;-permissible amount of, XSb- 

•-stability of liquids and solid.s ill con-I Mineral lubricating oils, acid, free, in, 

tact, 37 210, 218, 3U. 

Marcusson ; sc]>aratii)n of eholcsterol and '-lubiicating oils, ash in, pro]iortioa' 

]ihyto.steiol from mixture^ cont-un- ' and determination of, 304, 311. ' 

ing mineral oil, 231. !-a.sjihalt in, deti ction and deter- 


Marine engine cylinders not direetly ! 

lubricated, 483. j 

Marine engines, lubiicanta u.sed for, 476. 
Marshall (Bailey); on roller lieai'ings, 88. 
Martens’ oil-tcating machine {Unun), 350- 
352. - 

Mattico (A. M.); I’arsons’ syst^of lubii- : 

<;ation, 43.S. j 

Maumenii tlicrmnl test for oils, 260-263. { 

-thermal values of oils {iablr), 263. | 

■-thermal value, relation of, lo iodine i 

value, 264. ' 

Maxwell on viscous and iilastic flow, 28. 
Mayer (L.); examination of tallow for, 
cottonseed oil or stearin, 322. 
‘Mazut’ residuum from Kuasiau . 

petroleum, 97. , 

Mechanical droj^-feed lubricators, 432-434. • 
‘ pressure’ lubricators, 434-436. j 

-testing of lubricants, 330-372. I 

-testing of lubricants, objects and ! 

conditions of, 330-331. 

Mechanism elHciency of, 497. i 

Meisal (see Jlf'ichi’H-Mcissl). j 

‘ Melon oil ’ from liead of dolphin, 120. ' 

Meltingqioint, determimpkn of, prepara- ! 
tion of8ubstanc<4 'or, 2>'l. 

—-by Bacli’s method, 203.- 

-By Bcnsenpdin’b method, 203.- 

—. by capillary tube metIxiC,202. 

- - -by. Cook’s method, ^03. «i 

-by T’chrs method, 2<)1. 

-^^by Stock’s inotbf^, 20J. 

-of fats and greases, 200 - 206. 

-ofuubricants, objects ofdetennining. 

200 . 


ininationof, 300-3(12, 3il. 

- -boiling points of, 101. 

---caoutchouc, dutection of, in^ 

302, 311. 

-culJ-tost of, 101. 

-- - colour of, 308. 

-comjiosition of, 101-103. 

-detection of, in fatty oil, 219. 

-fatty oil, detection of, in, 219,. 

,311, 

•-fire risk of, 279. 

-flashing-point of, 101, 18C, 309. 

-grit and dirt in, 312, 470, 

-guinniiiV 4 of, 272-278, 31'', 460. 

-inorganic substances, Jeflectioa 

of, in, 3U3. <rmf0^ 

-iodine value of, 103, 250. 

-njuiw-'bcturc of, 94-101. 

-odour of, 308. * 

-o.vygen, absorption of, by, 271. 

-- ])aia.'^in, de^ejvninaliqn p' in,. 

- 299. ^ ^ 

_ —— pro])ertii}3 and •Composition of,: 
101-103. 

---refractive index of, 206. 

— -rosin oil in, detection and deter* 

mination o^f, ^95-298, 311. 

-— saponifiable oil, determination' 

of, ^'n, 228. 

-sapunificatiou value of (ntQ,. 

IJ 222. c t e 

■-(— settini 5 -point of, 101, ifefi, 200,. 

^ 810. ' ‘ • * 

-^— soap, detection of, in, 308, 310.. 

< — 4 — sources of, 89-94. * 

— ——^ specific gravity^pf, 101,184,809. ^ 
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Minerallulxinating o'Ih, spontaiisouacom* licptsfootoil, Mfiuinen^tberjial talue of, 
biiBtion prevcuted t/, 2 ' 268. ^ . 

—" --gyat^’w itic testing’ o^, by physi--ii)ekj,ig- HPd solidifying points 

ca^nii diomic.ij mfthoda, 308-812. o! mr et’ Imm, 200. 

viscaslty, deierminationoi, 300.-- pjeparation of, 118, 324, 

— Tironaity of, 7-160. I- - rolvactiva index of, 206. 

—— . ' ■ yi8ct>sity of, factitious, 126. j —-- velractdineler value of, 207, 

-volaiility ol, 101-104, 309, 310,-sapouilication value of, 222. 

sa 48*2 --— Sjto ifie gravity of, 181. 

--Volatility and riasbing-]>oint of,-testing of, tor adulterants, 324, 

conijjared. 104, 810. -uusaponitiable matter in, per 

Miscibility, interfacial Uimon and, 35. cent., 321. 

Mitchell (ace Hehner). -u^edasInbricanf fordoes, 119, 

^Mixiiig-oils’prepared from solar oil, 100. ; 471. 

Molecular 8tre.ssi'S, intensity of, 33. '-used for \ ^‘xing with mineral 

Molecules liijuiUs, attiactivo foix-js ' oil, 107. 

lietwecii, 33. Needle lubricator, 430. 

— stresses on surface, 34. ■ ‘ Neutral oil/ manufacture of, 98. 

M»«(.il. b’,); formula for maximum loads Niger-seed oil, frw‘ziug-])oini of, 199. 

on bearings, 405, :-iodine viiiue of, 255. 

——lubrication by suction, 73 (footnote). ——-iodine value of mixed fatty 

Moore (11. W.}; cuiiNtifiits ol porpoise and . acids friuu, 255. 

dolphin-jaw oils, 121. j-»-Mauiiiom' thermal value of, 263. 

Morawski; colour rCuolion of rosin acids, 1 ——-melting- and aolidi{_ying-)H)int8 

295 . { of mixed fatty acid.s from, 205. 

Morin ; frictional researches, 6, 9. ' -refractometer value of, 207. 

Motor cars, lubrication of, 478, 479.-saponiticaiion value of, 222. 

Motors, uKiicaiimi of, 498. -specific, gravity 184. 

-steam, lubneation of, 478. Nitrobenzene and nitronaphthalene, deteo- 

Mu.stard oil, freezing-point of, 199. tlon of, 304. 

. , __iodine value tif, 256. Nitronaphthalene, used for destroying 

- -iodine value of mixed fatty. Hiiort'scenco or ‘ hlooni,’98. 

acid.s from, 26,5. I Nordlingcr; free acid In castor oil, 213. 

--melting- and solidifying jiointg Nuts, lubricant for, 480. 

Oi mixed tatty aoid.n troni, 20.5. i 

--oxidizability of, comparative, ' Oak {woo<l) for baaring.s, 393. 

20 J • Octadecyl acetate, yield and saponification 

- — re!' active index of, 206. value of, 214. 

___ 4—saponification value of, 222, -aieobol in sjierinaceti, 245. 

—Sit »•a])ecific gravity of, 184. ‘Octopus*.‘<ight-leed lubiicator, 433, 

Myricyl acetate, yield and sajjonification Oil-cu^H, cleaning and examination of, 

- vab'''of, 244. i 4K9. 

— utcol'ol, ocounence of, in beeswax j Oil engines, lubrication of, 477. 
and carnpuba wax, 245. 1 Oil-feeders, 600. 

j ‘Oil-pulp’or ‘thickener,’ 120, 303. 

N A^^tTiiA, 'll ode, ^fom j itroleum, 9-/^ Oibstains in fabrics, 463. 

Napier; on ir.vtiou ai.d viscosity, 403. Oil-tcstingnmchincs (see mneruTW, 

* Natural oils,’ 96. wc/mniVvi/), 330-372. 

Naylor (C.W.); on water m a lubricant, Oil-ways in locomotive liearings, 415, 416. 

49 ), —-nositfcms for, C08-401. 

Neatsfool oil, loetyf vilue of, 250. Oiliness, at iin^lirtaiit i.i'oiieity of lubri- 

_*-aei'i, f™, in ,32i. .’cants, 80, ."il, 3!!, '.(i, 4til, 482. ^ 

_'- .3 !!ibrioant,n07,’J9. 475. . '*—measurement .ot, by bil-testing 

--cha.Jotdre, peiie a’, of, 118, 324 * ifttchines, 330, 331, 336, 343, 803, 

-aolJ, efi'cct 41,0^111). • , 36f. ^ , o.. 

,_ constant* .4 (Riiuine, 3111 * -relation of, U viscosity,,^, 849, 

-a-freSinf; iflAt of, 109. • » , 36'>. • r,- j \ 

_iiHline value of, 266. Oils, animal and vegetable (see Ftsecd oils). 

---Iodine value of m^'ed fatty c ids -blown taee filuven o/fsj. • 

from, 2 j6. * -fatty (see Fixed oils). 
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Oils, fixed (see Firf^d oih). . . ' 

-lubriiVin^ (see LfdyricfdiiKj (lih). 

—— Tuinoml lubricating (see Mineral ' 
liihnfaHnij » 

-mix''d (sec Luhneti/iidj oils)^ 

-unucsri'ibcd, systematic testing of, 

»n7. 

Olive oil, acetyl value of, ‘ilS. 250. 

--acid, iree, iti 211, 212, 310. 

___aruchis oil in, detection and j 

determination of, 2.S3, 3)7. , 

-as lubnCKiit, 100, l7l. j 

-- - clienfical composition of, 113. j 

-- eidi)ri)j»hyll in, 317. ! 

--- constants>pf genuine, 314. 

----co]>per in.'detection of, 317. 1 

-extraction of, iroin olives, 112. j 

-freezing-point of, 109. i 

---fiiil’nroi reaetion given by, 292. 

--iodine value of, 2;»r>, 317. 

-iodine value of mixed fat*^y . 

acids from, 2.').'). 

— - -iMainnenc value of, 203; 318, 

----melting- and soIidifying-iM>int{., 

of mixed fatty aci<ls fiom, 2y.’». 

--— oxidation, iiiciea^e of weight of, [ 

by, 2(38, 270. - ; 

-oxidijiibilily of, comparative,: 

267. ‘ 

--ox'ygen, absorption o^y, 271, 

272. 

--refining of, 112, 317. 

-reliui'tive index of, 2('C. 

-refract oraeter value of, 207, 317. 

-Uoichcrt and Kt-icbert-Meissl 

values of, 212. 

— --sajuMiilication value of, 222, 318- 

----source of, 112. j 

-specific gravity of, 181, 317. 

— -specific gravity of mixed fatty 

acids from, IH.'v. 

--tostiug of, avstematic, 31C-319. 

----unsaponifiablc matter in, per 

cent., 233, 31H. 

-varieties of (‘virgin,’ ‘super- 

fine ’ etc.), 112. ♦ 

. . .viscosity of, 167, 168. 

Olive-kernel oil, cliaractcrs of, 113. 

--iodine value of. 255. 

--saponification line of, 222. 

--- >|>t»eific gravii5 of, 184.^ 

Ordway : cicth oil tester, 280. 

— flashing-points & mineral lubricating 

oils, 186. * 

* Ostutki,’cln-iucteristics of, 9<7 ‘ ^ 

— di^^pnee from American ‘ residuum,’ 

—— fractional distillates from {(nhlc), 100. 
—- m^^ufacture of IubricaU?ig oils from, 
97, 99. 


Ottewell; lubiicator for 8tea<i cylindersy 
' 41-^ •« 

Ox oil, oil 9*oiii beef tallcrv, 323. 

Oxidation and gumming of Jribricating 
oils, 265 278, 460. * 

— accelerated by liuely Ji/ided n.<,’''el9> 

267. ' 

— Hisliop’s test, 208. 

-iilm-tcsL, 20ti. 

-increase of weight.of oils by, 267'» 

269. 

Livuchc’i^^t, 267. 

-- of mineral oils, 272 278. 

-products ol, 267. 

'-wat< h-glu.ss test 266. 

; 0..ygen absorption test for gtftnming pro* 

' ]»erlics of oils, 269, 270. 

' Ozokerite, iodine value of, 266. 

'-(hce also (Ji rasLiii. ' 

. Packik(!, metallic, for ])iston rods, 424* 

; Pad lubrication, 430. 

Pads, examination of lubricating, 489. 

I * I’ale’ (mineral) oils; 97, 101 
■ Palm oil, rtcetyl s aluc of, 2fi0. 

;_acid, h-ce, in, 115, 211, 321. 

!---characters of, 11.'). 

;----composition of, 115; 

___constants of genuine, 314. 

_extraction, iiiciliod of, 115. 

__iodine value of, 255. 

__iodine value of mixed fatty acids 

from, 2;t.5. 

-- melting-point of, 201. 

--melting ]n)int of mixed fatty 

i acids from, 205. 

j---Heicbert ''nd Rcichcrt-Meissl 

j values of, 242. 

1-saponification value of, 222. ^ 

I _!-source of, 115. 'V*. 

I --specific gra\ ity of, 181. 

:-.specif? gravity of mixed fatty^,t 

acid finm, 18.5. 

1-—— testing of, 32<\ 

---utisaponiliable 

cent., 233. * 

--used for .^akiug^ailway wagoa 

grea.'^e, 107. 

Pttlm-iiut oil, acetyl value of, 250. 

-characters and composition of^ 

jir., 116 . , • 

--distineWon of, from other fcte. 

{i , z-zu * 

j-Hehner value of, 239. x 

- 1 — io<iijio vjlue of, 2S5,«321- 

’ • :- f — iodinefvalue of mixed fatty acid* 

I ' ^from, 255. * , *• * 

, --melting-point of, 204, 

, — c—^ melting* and solidilying-point* 
i of*tai(i:ed fatty acitjp from, 206, 
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P&lra-Lut oi^ Ileicliorl Snd ReicUftt-Moissl I 
Tallies of, '24‘2, 3’il. 

--iapoiii/'cation v^u« of, 222, 

mi 

--BOUH'H of, lir>. 

— •—^ pjidfic gravitv of, 1S4. 

‘ Paraffin qila,’ 

Paraffin wax. detenuyiation of, in uuncrul 
'1> lubp^atiiij; oils, 299. 

— -idenrlfi^ation of, in un.sa|)oni- 

fiable matter, 230. 

--ioiliue value oi,2ftG. 

— -manufaetuie of, n-om jictroleum 

ami ^hAie oil, 91,101. 

-— mcltiiij;-j)oint of, 201. 

--Biponitictftion value of («/'), 

• 222 . 

— -apecilic j^ravity of, 184. 230. 

PaMp^seo CvU '). 

Parsons (Hon.d. A.); spjinlle-lM>aring, 417. 
Peacli-keriiRl oil, acetyl vaiuo of, 248. 
PedcAtal beariiig.s, 411-115. 

Pensky-Marlens llushiMg-poiut apparalus, 
18H, « 

Penteco.st, on removal of oil-stains from 
fabrics, 493, 49 (. 

Petroleu ii, crude, characters and comjHwi- 
tio,. of, fiom various countries, 92, 
93. 

-nature and occurrence of, 89. 

-relative pr())>oititnis of illumin¬ 
ating and lubneating oil obtained 
iroiti, 91. 

--])ro(liicta obtained fron^ 94. • 

-world’s pruduetion of, 90, 91. 

Phosphor-bronze hearings, 379, 38'i. 
Phytosterol acetate test Ibr vegetable oils 
< in at inal oilSf|232. 

•—-r^haracteristirs of, 231. 

h:-\Y r»'ecUon» of, 292. 

—— distinction and separation of, from 
ohr’^sterol, 22l7'*34, 

• --iodine vaun* of, 298. 

■ occurrence of, in vcgeoablo oils, 224, 
‘1 ^34. 

Prtr, luu'pMhuii of, 42 , 478. 'm 
IHston-rod.'p-jckuiga (uielaltic), 389. 390, 
4‘21. 

—— nou-metalUc packing for, 64. 
Pivot-bearings, lubrication of, 423. 

Pivots, itieory of Ithrication of, 64-69. 
PMhtic friction, 28, f>S.^ 

Plastic (lead) bronze fy 381.^ • 

mW(, luhncant for cast-iron 


Plumbago 


fe^'fivcs,^3»8 ^ 
vkee also Graj ' Je). 


1';c1iels (Ag'ies), '.’-ovta^iuation of«Iiquy 
• n.riaces, Ot). 

PoiseuilW fonnula for ^ow of,, Injuid 
throu^ capillary ^b«*, 22, 133. 


It^larimctric tci*t fov rosin ‘.cl in^hiineral 
oil, 296. • 

Poizio; arach, he acid in tape oil, 107, 
286. 

poppyseed ou, acetyt value of. 2)8. 

--• freezing poiiit of, 199, 

——-iodine value of. 25.5. 

--ioilino value of mixed fatty 

acids from, 255. ^ 

-Maumfiu' value of, 263. 

-nudiiiig- and soiidilyiiig-points 

of mixed fatly acids horn, *205. 

-oxliiation of, iii^'ca.-'e o^weight 

by, 268, 270. 

-oxidizability of, comparative, 

207. ^ 

-refrantiyc index of, 20G. 

-refjactometcr value of. 207. 

-Jlcichcri-.Mcissi value of, 212. 

-sajvoni Heat ion value of, 222. 

-spfnilic gravity of, 181. 

- -bpccdic graviiy of mixed fatty 

8 ‘ids fumi, lH.5, 

-^*misapi)niliahIo matter in, per 

Cent, 233. 

'Porpoise-lKrtiy oil, frerzing point of, 199. 

-IlcliiK-r value of, 239, 

-iodine value of. 255. 

-Heiclicrt and Keichert • Meissl 

values (d, 212. 

-sajKmilicatioii value of, 222. 

-specilic gravity of, 181. 

-- unsaponiliable matter in, 233. 

Por^K)i.se•jaw oil, cbeniical constants of, 
121, 315. 

-comiiosition of, 120, 

-extraction of, from head-fat of 

porpoise, 120, 

-llehncr value of, 239. 

—-identitication of, 326. 

-iodine value of, 255. 

-- — IMchcit and Uciehert-MeUsl 

values of, 2)2. 

-sajionification value of, 222. 

i-Bourco of, 120. 

I -I-.specific gravity of, 184. 

'-used for lubricating watches, 

! etc., 107, 120, 47). 

I IWer, cost of pioduciiig, 498. ^ 

\ PreBsure-iilm (lubrh.<j:hig), conditions 
I nfldc- l^nch foii.'cd, 84. 

1-— foim'of, on cylindrical bearings, 

;• 73. , • 

I-meufiurements of thickness of, 

i • • * 

! -■-(see alsn Filws). 

: Printing mnphines, lubricanft^scd for, 
I • '475. 

' Pulleys, loase, h19. » 

' --Smith’s self oiling, 119. 
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f'ump kliricalion,-115, 437,438. 
Pyknonioter, instr'amcut for taking specific 
gravity, 172. 

* Pyrene oil ’ (df^omj oscd refuse olive 

oil), 112, 11 lj.- ■ 

c* 

Quin<'Kf:; distance at which molecular 
attr^iCtions become j»c-rccptiblc, 33, 

IlA'r.osiNi‘(V. 1.); commences manufacture 
of lai)ri(*atiiig oils from ostatki, UO. 
Railway bearings, loads on, 473. 

Kaiicid|ty of oifi, not the same as acidity, 

2n. 

Rap* oil, act'tyl value of, 218, 250. 

— ..ac-ld, free; in, 109, 211, «>12. 

--aciil^ free sulphuric, in, 109, 

313. 

--arachi'lic acid in, 110, 286, 287. 

--- Black iSoa (see ihnson oil). 

-blown, acetyl value of, 213, 
250 . 

-—--blown, distinction of, fion 

i>los\]i cottonseed uil, 327.'' 

-- bbtwn, Hehner value of. 239. 

- -• blown, iodine value of, 2r>6. 

--blown, Kciohert-Mci.Hsl value of, 

212 . 

--charaiveiistics of crude, 109. 

— -characteristics of Injfeu, 107, 

lOH. 

■- — cold, effect of, on, lln, 199. 

-chemifial coniposilion of, 110, 

280, 2H7. 

— .— eonstants of g(inuinc, 314. 

——-expression and extraction of, 

from the seed, 108. 

-freezing-point of, 110, 199. 

— -- iodine value of, 255, 316. 

--iodine value of mixed falty 

acids fmm, 25.1. 

* -— Maument'value of, 263, 313.^ ^ 

--melting- and .solidifying-points , 

of mixed fatty acids from, 205. | 

--oxuiation of, increase of weight j 

by, ^68. 2(f9 .. I 

--oxidizability of, comparativo, • 

267, 316, I 

——-oxygen, absorpt’on of, by, 269, i 

270. ^ j 

— —refining of, b’^'alkidine pro-| 

cesses. 109. *•. j 

--rtifining of. by Thcnard’a pro-* 

cesa, effect of, l(i9. 

--refractive index of, 20r, 

--Tofractometer value of, 207. ” 

--aJK^ichei t and Reichert McUel 

values of, 242 


Rape oil, sources of, ^07. # 

, , .... ^ 6pe^ific gravity of, 184, 818. 

_^’apecifio graviU' of mixed fatty 

acias from, 185. 

_testing of. Bvstcmatic,' 312-316. 

_unsBj)Oi)ifisble n«4der in, por 

cent., 233, 313. 

—-viscosity of, 167,169, 313. 

Rnpftsced, varieties ot, 107. <5 

Ravison oil, blown, acetyl value of, 248, 
250. 


\ 


p—--..Baironifioation value* of, 222, 

813 . 


- blown, Reichcrt-Mcissl value of, 

242. 

--characioristics of, 110, 111» 

--iodine valuf' of, 255. 

__iodine valu* ofmixr'ft fatty acids 

from, 255. 

-Maumem' value of, 263. 

-melting- and solidifyingHBoi^tB 

of nii-xed tatty acids fiom, 2^. 

Ilavison oil, rcfnictometer value of, 207. 

-«ajK)niricatinn value, of, 222, 

-— source of, 110. 

-.specific gra' Uy of, 1S4. 

-SiKsciiic gravity of mixed fatty 

• acids firm, 185. 

-unsuponifiablc matter in, per 

cent., 233. 

Rayleigh; cohesive force of water mole¬ 
cules, 3 b 31. 

-contact oflhinids with solids, 54. 

-contauiinatioii of liquid surfaces, 

39. 

law of intcrfacial tension, 35. 

-solvent power of sui face liln 3 , 40. 

-strength of liquid films, 54. 

‘Rod’ engine oil, viscosity of, 167, 169. 

‘ Reduced ’ oils, characterisUcs of, 96., 

--process of manufacture, 96? 

Re;:wood (Rovei'ton); expres8io’»-tf-^f^J?da- 
cosity, 146. 

-standard viscometer, 144. ^ 

-(Dcciing ami;, free acid in castor oil, 

212 . . . 

-(Deei'ing nni), solubility of cas^oj,^! 

In alcohol, 319 •’ 

-(Dooring and), •isSlsiU-Oi'castor oil,' 

820. 

Redwood {I. J.); action of oils on mstalv 
213. 

——grease, manufactiue of, 126, 127. 
Refining small quantStiesofoil, proceas far, 

«• 218. , t 

Refraction lest fqr oi's, 206’208. \ 
Hefractive indices oflnls iUihl^y 206. 
Rvfracttraeter, (ftfierential, of Amagit and 
. Jean, 208,•'c a 
— tests of oils (faW6),*207* • 

Reichert process, 240. ’ 

-v^ues^f (nls (fa5Zs), 242. 
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Reiohert-MjW prtxftai, 24 \i. * ! 

. . Values of oila (table), S 42 .» ^ 

Reimer (mid ^V^ 1 ); acid ol high meltiiig- 
point in T&pe oil, 286 . * 

Roiaq^d on thicknesa ot liquid iilms, 
47 . • • 

■- * pftnertiob of soap films, 32 . 

Rennie; ffiction resoavches, 6 , 7 . 

Rej^rd ; comini.ntwn of ro'in oil, 125 . | 

— detevftiuation of arachia oil in olive , 

oil, 28 -f, 286 . ; 

^ Reaidimin,’ chavacterist.jf^ of, 97 . ' 

— differenco between’•'American and ’ 

Russian, 97 . 

-iiianufacture of distilled oils from, 97 - ! 

101 * • 

—- i.ature and source of, 91 , 92 , 91 . ; 

— yield reduced by cracking, 97 . I 

also Osiatki). j 

RSmB, detection and determination of, in | 
mineral oils, 300 - 302 . ! 

■-(see also } 

Reynolds (Osborne); C(»iidifion 8 determin'! 
ing steady . flow, 24 , 133 , \ 

-heating ol lubricating films, j 

403 . • 

— -lubrication of inclined plane • 

BUi;ja<;e.s, 6 .^. I 

-physical and mechanical vis¬ 
cosity, 22 . 

— -theory of rolling friction, 12 . 

——--thickness of lubricating oil- 

films, 396 . 

—— —viscosity and lubrication, 30 .« 

—— —« viscous flow between approach- ■ 
ing surfaces, 67 , ■ 

-viscous theory oflnbrication, 50.1 

■* Ko:^’ cylind t lubricator, 449 . i 

■* Hnigolenc,' volatile spirit from crude. 
T;p^olcum, 94 . 

Rhodin ; simple lorm of absolute visco-, 
143 . I 

— Mscosities oils (c-ibh), 144 . I 

Richard’s tntifriction mcUlb, 3 S 9 . 1 

R^ards- on Oilway’^ doth-oil tester,] 

V I 

Richardson^ »^eail 4 rejpcnt of surface ten¬ 
et 'ti of oils, 46 , 47 . I 

' Riohmontl; development of the Reichert _ 
nro(! 66 S, 240 . : 

BiehU V.S. * Standard’ testing machine . 

I {(inm), 359 - 3 (M. i 

Ring spindles lubricatibn of 418 , 419 . » 

Eitsert; rancidity of clla,^’ S! 

Roberts-Aust'ju ; on d fusion of metals, 
RoherUha^ (see \Vf 'vJr). * I « 
RoHy-bearinqs, 8 ", 426 - 430 , » 

Rolls, 4 ubi*i< 3 arit for? 98 . ' ^ 

SoBcoe; Itlbricator for steam cyl^ders, 
441 . * 


yosin (see Colophony). 

— gi-ease, 120-131. * 

-imq ^ses ufctnl for,'472. 

Rosin oil, aiihj '^ridys cn'’ in, 125. 
-cfiaracteth, genrr.il, of, 12.^ 

•-»- colour reactions of, 29'A-295, 

-comjjosition of, 12r». 

-—— detection and determination of, 

in mineral nil, 29 .’j-298. 

- -drying projMirtios of, 125. 

- --iodine value of, 2.^*6. 

— • - nianufactury of, fium ro?>in, 124. 

-- manufiicturo of^rease fr;im, 125, 

129-131. 

-oxygen, ah^'-rption of, by, 271. 

— --rofractivo .hdex of, 206. 

— - - rcfractoineter value of, 207. 
-rosin acids in, 125. 

--rotation of, 125, 296. 

-solubility of, in aci'tone and 

alcohol, 295, 29G. 

-- 8]>ccific gravity of, 125, 185. 

-— 5 - used for hatt-hing jute, 125. 

Ki.yle’s'H)leojector ’ cylinder lubricator, 
447. 

RuWn seed and oil, Id?. 

Rucker ; on thickness of soap-films, 47, 

-projKiitics of soai)-lilms, 32. 

Ruhcinann; detection ^f fatty oil iu 
mineral oil, 219. 

Russian iniwhinc oils, viscosity of, 167- 
169. 

-oils (sec Mhiernl liihricatiny oils). 

-residuum (sec Oslafli). 

‘ Salree* antifriction metal, 380. 
Salkowski; colour reaction of eliolestorol, 
292. 

— ol .ervation on setting-point of ood* 

liver oil, 19.5. 

.Sajionitication, nature of, 105. 

-equivalent (.-f/Ze/Oi 223. 

-value, determination of, 221, 

-meaning and use of, 220, 224, 

-values of oils, fats, andwaxca (htWe), 

222 . 

Si^dine oil, iodine value of, 255. 

— -refractomelcr value of 207. 

— -saponification value of, 222. 

-- sjMicilic gravliy of, 184. 

£))s'i^mfiubh. matter in, per 
,Jccnt., 233. 

Kayl -it’s viscometej, 119 * 

Schiii# ^colour reaction of cholesterol, 

• 2«. 

S<l!»6ttner; vineoait;' of glycerol, 140. 
Schultz: mct^iod for detenrifnftg the 
• Setting-points of oils, 198. 
Schweitzer ;* factitious viscositv mineral 
oils, 126. 




Sclnvelti^r (and Lun^fwitz); character) 
istina of j^critinc fani oil, 323. 

--dotonnination of the iodine 

value, 250. 

— — teat for aoajiin mineral oil, 303. 
Sclcrome'jv for ineasurin^^ ijarfine.ss of 

inotala, 370. 

Scotch mothod of dofermininjflho sottinf?* 
jioiiita 'uf shale oil>, IOC. 

Scotch oila (see fS/m/c vi/ ; Miiurul hhri- 
c<(linii Oil) 

Scott-Moiicnelf; friction and viscosity, 

4<r.l f 

Screwing liquids (see Drilling hqni<h)., 
J31. 

ScreWH, IVictio?! of, 3^0-372 
Seal oil, acetyl value of, 250. 

-}»I(nui, Ilehnor value of, 239. 

-Irer/.ing-poiiit of, 199. 

-iodine Miluc of, 255. 

-Miiumeuc value of, 203. 

— -mrlting- and .solidifydng-poiuts 

of mixed fatty acids from, *205. 

-leiraetometer value ofj'SO/. * 

-Heudicrt value of, 2*12. 

-- saponification value of, 222. * 

- ™ s])eeiti(; gravity of^ 184. 

—— -— iiiiKaponifiublo matter in, i>er 
cent., 235! 


Seizing of h ad, tin, wrought iroiu etc., 5. 
‘Serpollet ’mechanical lubricatdj^434. 
Sesame oil, acetyl value of, 248. 

-colour reaction of, 291. 

-freezing-] loint of, 199. 

-iodine value of, 25.'«. 

*-iodine value of mixed fatty 

acids from. 255, 

-iMaumem* value of, 263. 

-—— melting- and .solidifying-poiuta 

of mixe<i fatty acids fmm, 205. 

—— •“ oxidation of, increase of weight 
by, 2G8, 270. 

—— —— o.xidizability of, comparative, 
2C7. 


! 


-refractive index of, 206. 

—*-refractometer value of, *207. , | 

-r iciieit and lUdchort-Meiasl 1 

values of, 242. 

,, — — saponification value of, 222. 

-epficinc gravity td, 18-1. 

-unsaponifiable yattefin, 233. 

Setting-point, determinution of, bj,4rch* 
butt's inoihod,^196. • 

-by llofineister'fl method 497. 

_ by ftchultz’s m<'thod,M98.4 

-^ Scotch method. 196. ' 

-~15y Tagliabue’a q)),'aratmi, 199. 

■ — of fixed oils, 195, 199. ' 

— of tiiienil lubiicatingoiMr, 101, 195, 
200, 310. 


Seftliig-point, mcaiMifg of, 19^ 

-nrecajrtiopsnecessary in determining, 

195.. • c 

-(.^ee also SoluHfjiing-polnt}.^ 

Sewing machines, lubricants used fo#,^75* 
Shafting, lubricants used for, 475.o 
Shale, bituminous, cliaractcristips of,*91. 

-)>roducts ofidestructive distilla' 

tiouof, 91. flt 

■ oil, cliai-acteristics and composition 
of, 94. 

jrt.s obtained from, 101, 

• (see Ninn’al Iniuiciifing nil). 
Shark-liver oil, u ’©tyl value of, 250. 

-refr.mtonx'ter vald^ of, 207. 

SI-^w (T.); pluihbagb as lubricant for 
cast-iron, 479. 

Shcep’s-foot oil, refractometer -value of^ 
207. 


-pi odnet! 

-(see 


Sight-feed (.see Drop feed). 

Siphon-feed, oil-lifting jiower of trim¬ 
mings, 492. 

-lubricator, 430, 431. 

Sitosterol, occurr(*ncet!>f, in maize oil, 234, 
Skate-liver oil, acetal value of, 250. 
Slidc-blockfi, londs on, 422. 

-lubrication of, 421, 422, 473. 

Slides, theory of lubricaticui of,''‘69-72. 
Smith (Angus); oxygon absorption test, 
269. 


-(Ford); design of footstep-bearing, 


-(H. H.}; magnolia, metal, friction 

• Ijfsts of, 8, 387. 

-(R.1I.); friction testing machine 

{dnim), 348- 319. 

-(W. iM.); autom-atic valve lubricator 

for locomotives, 455. -t 

Snakewood for bearings, 393. • 

Sofcp, as a lubricant for 
machinery, 64. 

-{bubble) 31. 

-detecUor oq in mineral oils, and ^ 

grcuscfi, 303. 

-pioparation of, fronf fked oils, 

-•pe.oft, as a lubricant fo^^ hy^aalia 

machinery, 179* • ' 

-thickened greases, manufacture and 

analysis of, 126-131, 328. 

—-oils, 126, 328. 

Soapstone, lubricant f(fr heavy loade, 47U 
479. ,• • 

•‘^laroi!,’y)0, i 

Soud lubricants, Iv, ^71, 479. v. 

Solids, friction of, If 14,, # ^ 

-•— aifiorficiaftenSon of, 36. 
Solidtfying-jvointJ o%iatty aeids, 200-dl06. 

■-determined by l^alican’a titrt-test, 

! -.204. • 

I --fy ^ach’s method, 203. 


« 




Solubility, ipterfaciai lens'on affccied 6y, ’ 
39. ^ - 

Solvent-power (V'^i^Tface illms, 40. 

Specific ^md deh 'tj, 1'72-185. 

——dotcniiination of, by bottle, 

-—^etcraunation of, by hydro- 

inetcra, 177- ^7‘.'. 

—— detenaination of, by Spreiigcl, 
lube, I7lj \ 

— — determination of, by Westphal i 

balance, 176-177. - i 

-of coal-tar oilH,T85. ] 

-of glycerin, deiermiiiation of, ! 

174. ! 

-mineial lubricating oils, l^'l, 

172, m>. 

of jiiixcd fatty acids at 


•^jerm oils, melting- audsolulifyirfg-pointe 
of mixtd fatt^ acids (roin, 2(>6, 
325. 

-miiJi'’;al .oil • detection of, 

‘.m. * 

-' oxidbibiUty of, cor. parativc, 

267. 

—-oxygen, nbeorptioii of, by, 272. 


from 


185. 

— of mixed wax 

~ a, 185 . 

:oo‘ ’ * 


alcohols at 


-of rosin oils, 185. 

-of vegetable and animal (fixed^ • 

oils, 10!, 172, 184. 

--«(f waxes, 181. 

•-reduction of, from one .standard 

to another, 180. 

--reduition to the vacuum, 178. 

--relation to hydrometer degrees 

{f.ahfe), 179 . 

— (see also Dniiiihi). • 

Specific^? 'injteraluie rcai tion, 2fi3. 

Sperm oils, acetyl value of, 2.50. ■ 

.-- fiPP^ 21.3, 325. j 

-jV 'Lie aiH^Southern, compaii- • 

• son of, .324, 325. j 

jfc- —-^characters, general, of, llO.* j 
..— ——. composition of, 119. I 

-'■onstante of genuine, 316. i 

__ deteru'inatiou of, In pi’esenco of i 

mineral oil, 245. 1 

-<ixt i(%on of ^rom the blubber, \ 

* ^ i 

-.lttteljin^p<^uE of, 326. 

— -freezing-point of, 199, 325. | 

—— — identification of the unsajxnii- j 

fiable matter from, 230, 231, 326. 

—— iodine v%lue of, 255, 326. 

-icKline vaRi^ of mixed fatty 

• acids from, 2.5^. ^ t 

— -iodr.ij valie unsaponifiable 

nmttpr f^om, ^56. * - 

— -5—^lubricam ^or light mjehinefy 

• and ^indl s^(j7, 474. • 

--lubricujfts, as, purposeb*BU-tab“ 

fof, 474. 

..— -Maumene valueY)^25. 


Diopci tit's of nrixed alc^ols 
II, 2 :{n, 2 .*i 4 , 244 , 215 ), 326 . 

-— refractivu index of, 206. 

-refiactuincttM' value of, 207 

325. • 

-llcKdicit value ,d, 212 . 

-suponilicati >u valuo of, 222, 

326. ^ 

-separation of spermaceti from, 

119, 

-Soutliorn and Arctic, compari- 

.stm of, 225. 

.-Southern and Arctic, sourcoaof,. 

119. 

-- Bpccitic gravity of, 184, 325^ 

-s])pciiic gravity of unsaponi- 

liable iiialtei tioin, 18;'. 

-static coeliicient of hicliou with, 

r,‘> 

-testing of, for'ttdultoraiits, 324- 

326. 

-unsa])onifiable matter in, per 

cent., 243, 325. 326, 

-—— unsaponitiaiile matter in, pro¬ 
perties of, 230. 231, 244, 245, 328. 

-unsaponiliable matter in, yield 

of acetates fiom, 244. • 

-vi9Co.''ity of and ell'ect of teiu- 

peratnreon, 120, 187, 168, 326. 
Sj)erni.-octi, acetyl value of, 250. 

-coinjioeition of, 24 . 5 . 

-— iodine value of, 25.5. 

-— meltino-point of, 201. 

-saj>oiiifi(*ati()n valuo of, 222. 

-separation of, from sjjerm oil, 119. 

-specilic gravity of, 184. 

-ui»eaj)oniliabl« matter in, per cent.^ 

‘ iiSa. 

Spindle bearing, Parsons’, 417. 

Spindle oils from ostatki, 100. 

— — visco^ity ol, >7, 168. 

Spindles e(te>^e), lubu'-ants usi d for^ 

,1 474. 

--(ring), yS. 119 . «* 

Spk^i^fchamber) lubrication, 441, 475r 

• 4ie. 

^ntaneous ignit' -n of oily rags, etc., 
275 ‘433. •• 

-f-causes of, 278 . 

— -danger of, fi’om fr^e 4ktty acid 

in oils, 279. 
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JJpontanlrous ignition, infltionce of 

iiatnre of fibrous material oii, 
279/ 

— --jirovenfed by mineral oil, 279. 

-testing? oilb to as'^-ortain their 

l’’.biUtytn, 278-28^. 

fSprengel tube f<jr s|>cciiic gravity deter* 
iriinatioTi.s, 174. 

Sprjii |5 OVnUu Tfl); welding of metals, 4. 
Staining of fabrics l^y lubricants, 4K3. 
Stains, oil, cause and rem-ival of, 463. 
‘Stauffer’ grease lubricator, 436. 
Stc.am-rpfiniiig ^oroc’cs.s for miuerul lubri¬ 
cating oils, 96. 

Steel bearings, 377. 

Steinbach ; jUdclieri Meis«<l v.alue of por¬ 
poise b.idy and jaw oils, 121. 

Stock ; corrosion ol iron by free fatty 
acids, 2U). 

— method of determining molting point 

of grease, 201, 

‘Storch ; colour reaction of rosin oil, 293. 

-determination of rosin oil in„miner aI 

oil, 2U7. 

Stribeck ; friction and speed, 77. j 

--friction of ball, roller and plain bear¬ 
ings, 88. 

5troudley’s oil-testing machine (drinn), 
353-365. 

Suliihocarbon oil ’ (refuse olive oj^, 112. 
fiulpimric acid, free, in refined rajw oil, 
313. 

— — (Maumenc) tbennal tost for oils, 

260-265. 

■Sunflower oil, freezing-point of, 199. 

-iodine value of, 25.5. 

• —— iodine value of mixed fatty acids 
from, 2.’»5. 

-melting* and solidifying points 

of mixed fatty acids from, 206. 

— " -oxidizabilitv of, comparative, 

‘267. 

— -refractometer, value of, 207. 

-Keicbert Meissl value of, 242. 

——-aiponilication value of, 222. 

--apecitic gravity of, 184. 

* Sunned oil,' 27. 

Sunning’ process, 97. 

.Su|)erficial tension, and lubrication, 30-47, 
58, 54. 

-and solubility, -‘tf. '• 

--at interfaces liquid^,and 

solid.-, 36-38. i 

.—--caused by stresses of ^si/rface 

molecules, 34. . t 

-circumstances which modify, 3b. 

--Cefiect of, on Uibr^ating films, 

63. 

—7 effects of contamiKation on, 

89: 


Superficial tension,<b^aporation related to, 

39.^, , 

---lunuence of, rn behaviour of 

liquids in contact, 36-53, 

-influenco of, on stabiUty of 

liquids and solids in^iontact. 36- 
36. , 

-—— measurement of, 41, 

-measurement of, by Pre ,tor 

Hall, 15-17. 

-measurement of, by rise in 

tubes, I'J. 

-mca#arementof, by film tension, 

45. 

-measuremen t of, by wetted piste, 

46, a- 

--of frtyj liquid surfaces, 32. • 

-of liquid inUTfaecs, 31. 

-of solid surfaces, 36. 4 ^. 

-of water-iilm, 36. 

-theory of, 83-38. 

Surittce contamination, 5. , 

-energy, proportion to surface area, 

40. ’f 

-films, solvent power of, 40. 

Tagliaiiuk’s standard oil-freezer, 199. 

Tait; ‘ adhesion ’ and ‘ enhesioa,’ 3. 

Tallow, acetyl value of, 250. 

-acid, free, in, 117, 212, 321. 

—• characters, general, of, 117. 

-composition of, 117. 

-constants of gonuine, 315. 

— — for grease-making, 107. 

-iodine value of, 255, 321. '' 

-iodine value of mixed fatty acids 

irora, 255, 

-lubricant, wit^ graphite, for h'>avy 

lo.id-i, 472 . 

—melting-point of, 204. ^ 

-melting- end soUdifying-points of 

mixed fattv acids from, 205, ^ 

-refract miicte?value of, 207. 

-Kcicbert and Iteiehert-Meissl valuu 

of, 24‘i. - • ^ 

-^ ..idering of, 117. ^ ‘ 

—• sap miticatioii of, 2^J, 321, 

-Fources of, 117 . 

-su;.]i6nded (insoluble) impurities in, 

321. 

-siiccific gravity of^l84. 

; — specific gravity^ of mixed fatty aotds 
« from. 185. 

I — ~ testing of, for adulterants, eto.).32l- 
* 323 i' I 

I —^— uittaponitiSble Imitler in, Jwr'cenfc, 


, i!33. w «■ 

vahiation of, by* the ‘litre •tert,’ 
.S23. ' 

-Tisoo3K.y^, 187. ^ > ■ 
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Tallow, iratijT in, 32».» ’ .'^liuroton’a oil ■ tcstiiif niaor.'ne'(rfrum), 

Tallow oil, characters, geneja'ij^f, 11*^. i method fl worWnj;, 34i-S48. 

-comp-^tion of, M8. ' I-mAch'nc {'hmn), pnrticulars of 

—-—^tibniUnjls of g. nuiiie, 315. 1 luachii). usi'd 1*3’■ *Iinrs, 839-310. 

-*- 7 -^exj>re&aiou of, Irom tallow, 118, '-nAciiii)e(^lr»///;).rc8ult8obiaine(i 

-- {c^liiiQ value of, -iofs 323. ! Pj authois with, 3-)4-34C. 

-Ju!)rn;uiit, used furiiiixiwg with 1 Tilston’sauiomatic forcedlubiic.itor, 440. 


mnierul ml, 118. 

—ft — ^Jaumonc thermal value of, 263. 

--refractometer value of, 2u7. 

-1-solidifying point of, 323. 

——-Bpeoific gravity of, 323. 

-testing of, 323.*^ 

. .(soe also Animal oil). 

Tallow * steariiie,’ 1 i 8, 

Tar oil, 8i)C!ific gravity of, IS.'). 
fTensiou, su})erlicial, and lubrication, 30- 
47. 

Taiiiog^'of lubricants, b^’chemical and 
physical methods, 307 -329. 

-l>y mechanical methods, 330- 

370. 

— of fixed oils and fats, 31*2-327. 

-of mineral oiltf;.3b6- 312. 

-of mixed oils and greases, 328, 329. 

— of undescrilied oils, 307. 

-machines, mechanical, 330-370. j 

--rmechanical, cylinder or drum, | 

332-864. 

-mechanical, design of, 331, 

—I I-mechanical, disc and collar, 364- 

369. 

— —— mechanical, disc and collar, 

sritability ol, for oil-tcBting, 364. 

—— —4p%. mechauical, value of, 330. j 

-- mechanical (bco also under 

inventor’s name). | 

Th«mal test for oila^with bromine, 257- ! 
• 260. 

^for oils viih aulphurio ^id, 
260-285. 

Thickened ^’Is (gee Blmn oih;. 

Thomson; Irce ucid iiftils. 213. 

__(and Ballantyne); specific tempera- 

^ tnre let f’fton, 28^. 

^ -changes pron^'ced by 4i^iag 

011^142, fta.^3.7. 

Threlfair-^ automatic lubricator for cyl:n- 
ders, 433. 

lubricator for locomotives, 432. 
Thurston (H. H.)f ex|)eriinentB on static 
g friction, 6*2. • 

___ the Belcc’ion of lubricant^ 

499. * f * * 

Thurston’s #il-testirl' ^hine {drvm\ 

* dl^cription '■‘«33t?-341. | • 

_ ^ -ivachlr." (•rtfM), graduation of 

• SCI les on, _ • 

_ —^machine {dTWii^ limited value 
of, 346. 


Titro-te8t, 204. 
j ‘Tjbin' bronze, 382. 

I Tools, lubrication of <-utting-, 481. 

I Tortelli (and hu^igcri); delemiination of 
j arachis oil in olive oil, 287), 280 

Tower (15eaucliamph nboUtion oftfrictiou 
and wear of be irui^.^, 398. 

j-e.NptTiment on pivot friction, 

j 04, 367, 423. 

,-— fnction experiments {referenre), 

■ 50. 

-on collar fiidion. 422. 

-«'n posiiions for oil-ways of bear¬ 
ings, 400. 

-testing-machini* {('ollar), 303. 

-testijig-inachinc {iduc or pivol), 

jb7, 308, 424. 

-te^Ung-maclunc {drum), 855, 

356. 

-viscosity and cylindrical bearing 

fnction, 80. 

Traction engines, lubriirfiicm of. 478. 

Train oil, comparative oxidizability of, 
267. 

Trimmings (see Wid.'i). 

Tufts (see Oiil). 

! Turbine bearings, mineral oils used for, 475. 
Turner’s sclerometer, 370. 

Twitchell; process for determination of: 
rosin acids (colophony), 238-240. 

Ulzer .Jee Bniediii). 

‘United Kingdom’ metallic packing, 389. 
‘United States’ metallic packing, 389. 
Unsuponifiable matter, com])usitioii and' 
identification of, 228-235, 

-detennination of, 224-228. 

-examination of, by acetylation’ 

process, 243-246. 

-from sjjerm oil and solid waxes, 

234. 

-— identification of hyurocsibons- 

m, 229. 

--»idci^fication wax alcohols 

4 230, 2^. 

-— identification id cliciesterols in, 

,^31-234. • 

—^—•soap in the, 234^ 

.•-unsaponified oil in, 284. 

-of deiermining fhS?224. 

Unifiif; ‘ carboid ’ for bearings, 394. 

_on dWeradi****''" RardaAa* WK 

376. 
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process of distillation, 98. V- 
falenta ; cliaractenstics of bone fat, 322. 

-deteriniiiatioii of rosin oil in mineral 

. oil, 206. 

l^aseline, identification of, "In unsaponi- 
l»ble matter, 230. ■ 

—• iodine value of, 2r>6. 

— lubiicant, with ^'rajdiite, for heavy 

loads,' <72 

-■^iieUinji^ point of, 201. 

— - obtained fnnn prtrnleum, 04. 

-Sij»onificatinn value of (n//), 222. 

-R])fcilic prQ.viry of, 1S4. 

Vaucher s antifriction alloy, 389. 

Veg^aide oils, distim-tion of, from animal 

oils, 232. m 

-used for lubrication, list of, 106. 

-(see FiXC'l nils). 

VilUvoi cilia (and Fabris); furfurol test 
for sesanio oil, 292. 

---observations on olive oil, 292. 

Vince; friction researches, 6. 

Viigin (olive) oil, 112. > i 

' Viscom,’ for thickening mineral'vils, 126, j 
303. 1 

Viscometer, ab.soUite, descrijition of an,* 
143-H4. 

-Colcinan-Arcbbiitl, 147. 

-Doolittle’s Crsion, 151. 

-Engler's standard, 151. 

-EngUu-Kunkler, 152. 

-inlet end resistance of cajdllary tube 

of, 27. 

-method of standardizing, 156. 

— proportions necessarv for accuracy, 

27. 

-Redwood’s standard, 144. 

-results obtained by ntandardizing 

Redwood'sand Coleman’s, 167-161. 

--Saybolt’s, 149. 

—— standardized commercial, rules for 

determining viscosity by means of, 
161. 

Yiscomnti'y, absolute, 132-143. 

— commercial, 143-169. 

-Rb'Hiin’s absolute method of, 143. 

-Poiseuillc a absolute method of, 132: 

-rules for, by means of ataudardizod 

commercial viscometer, 161. 
Viscosity, absolute, definitun of, 18. 

— absolute, of oila detAmiaid by the 

Coleiiiap visoomoter, 162-165., 

-absolnh, of oils determined by the^i 

Redwood viacoiietor, 166. 

--absolute, gummarj of detervinatjjons, 

-colWibn and, 16. « 

■ -critieal velocity of liquids an<f“, dvl. 

-det^njiiiationof(8ee8l80 Viscometry). 

—- direct viscous flow and, 22, 


Viscosity, effects friction-of bearings 
56, 80. 34.5, 346, 395, 398, 462. 

-efleets oV temporatJii’o and pressurt 

on, 21, ' 

-energy correction in deterrainio^, 26. 

-factitious, 126. ''n ,v . 

-heating of licarings produced bj 

cJtcftBsive, 494, 

-mechanical, 22. ^ 

-nature of, 15, 

-of castor oil, 167, 169. 

-of glycerol^nd water, deterrainatior 

of, 136-S40. 

-of glycerol aiu water, table of, 140- 

113. 

-oflljuids, ir)-28v 

-of oils, precautions in determining 

146. 


-of olive oil, 167, 168. •?. 

-of mineral lubricating oils, 102,167 

1C8, 169. 

-of rajje oil, 167, 169. 

-of tallow, 167. 

-of water, determination of, 135, 186 

-physical, 22 

-relation to oiHnesa, 345, 346, 364. 

-sources of error in deterndning, 26. 

-values, expression of, 155.* 

Viscous flow and lubrication, f 6. 

-conditions deteimining steady 

24, 25. 

-between parallel planes havini 

diflerential motion, 16. 

---by gravity between fixed planes 

iK 

-through capillary tubes, 21 

24-27. 

Volatile fatty acids,^determination of,<g4C 
Volatility and flashing-points compared 
J94, 310. w 


Volatility, doterraination of, 101-194, 

-of mineral cylouder oils, 191,194. 

-of mineral lubricating oils, 191, 810 


WAtiT.'ir.i.n’s disc sight-feed cylinfiJ 
lubricator, 4^.*’ c f 
Walker (and Kobertsnaw); determinatic 
o» rosin oil in mineral oil, 296, 29< 
Waller; determination of the iodine vain 
of vdis, 256. < 

Walnut oil, acetyl of, 248. 4f 
— — freezingioint of, 199. 

—i-ioain^vaJ(i® eof>. 

-—- —~ iodine valieofpiixEd aoit 
^ from, 25&. » 

-„— melting* ^»d soUd^ying-p^n' 

^ <n mixed fatty aifeids from, 2Cli3. 

-Gr- oxidation of, increasercf wei^ 

duriSigj^68,270. ^ * 
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W.l.mtoi!^vefracti5a«rteof, 205. • aaponifiaationfalu' 0 ^ 222 . 

-ftfiaetometer value of, 201. -Hourw-of, 1^9- 

■ %A„*oia i ciuit, 2,W. 

•Watches,*lubri.!alioji of, 474. ■ —-r»aril’icr‘"'’V3o'' 

TV#ch-gla^ .or oaul.ziug prol^^rty of: ' "• ' 

mtoh-oirKe i’^’s, results of exominatiou ' WhUwo.th ; ou the a.lhesion of.,,..tala, 4. 

of lot , Wicks, exatmiiation oi. 4,S9. 

AVater,as a luiiricaut, 49f* ' — f''": of luluicauts tltfougl.J^, 43. 

-delection and detmiiication of, n " *‘'“'’*7.1’ "b.’:,,, niiU'a iodine 

oils and greases, 305, 306. . "’..vs; r..act.ou8o,.curn_. ... Ilubl a iodine 


dens^ ol', at4*’-100’ 0. 

afi-noo /iT ciiiT-r.i/sta 4’llm Ilf !i(l. 


jirocdss, 


_te.is'i^ stress of surface lilm of, 3t!. 1 Wijs’s i.r.xiess for .leter.nining the lodino 


value, 257. 


ll ^4. a. ■ ' M-iH-erfo™ co,;e..tio.. for Id.,otic energy 

■^'matte"fo° 22.4.°' ' Wilb,.lme7;""n.™s,;r;n’.ent' of Viipcrf.cial 

_ distinction from fats and oils, 104, , ,.„j,i„es. crank 

244 chaniber lubrication of, 475. 

~Sdng-,.ointfoi;fo5fe), 204. . Williams (Howland) i iodine value of 

■ from (foiW 23 “’™’’“’' ' tV.Ilistou ™ j Hyatt' ball-bearings, 429. 

__ re uT 0 S^d (w fceiylation of WUaon (J. Ve.Vh); acfo, fee. in s,«rni 


ntix*l alcohols from, 2U. 

_sa})oniricatlou values oi, 222. 

_specilie ^-avities at GO" V. of, 185. 

„ uii.sapoiuliable iiiatler in, per cent., 

233. 

Wear, estimation of losses due to^ 500. , 
— iid.'ical bearings, 84.* 

'__ (relative) of lead bronze bearings, 379, 

380. 

•Welding of mUals, 4. 

Wellinglon , on friction of railway vehicles, 
» 5^ *. 

WestinghouBo; experiments on brake frio; 
tion, 9, 10, 111 

> Westpiial baiauc. (hylfbstatir), for deter¬ 
mining specific gravity, 175-177. 
Wetting of solk’*by Hqi-sds, 31. 

-i- theoiy ef, •' . 

Whale oil,%cbari#tera of, as lubricant, 

• 'I’- , , -1 

— - distinction of| from sperm 0 U| 

no. 

. — _ iodine vflue of, 255. 
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— characters of blown oils, 122, 

— hashing-point of sperm oil, 326, 

— flashing-points and volatility 
of oils, 186, 191. 

— oilines.s of lubricaiita, 30. 

— tcmperaturo and time of blowing 

oils, 1 22 . • 

volatility of oils, 191. 


Winn’s piston sight-feed cylinder lubri- 
'tor, 419. 

Wolff, C.E (and Deeley); on lubrication 
of plain parallel surfaces, 64. 

Wood for bos. ings, 393. 

Woodbury’s mechanical oil ■ testing 
machine (dtic), 36.4. 

Wool-fat, characteristics and identification 
of mixed alcohols from, 231, 234, 
• 244, 246. , 

-determination of, in presence of 

, mineral oil, 24.4. , 

I-determination of uiisaponiliable 

' - '227. 


matteiS’j, . 

.dine vain, of mixed fatty acid. ,;,„holB from, 

from, ^66. . ■ on'i • 

bSili'sIs.... I bSsfBh'fi* “ 

'< firth of 206» * * i-•Hbicheft-Meissl value of, 2-12. 
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- Knchert value of. 2 ,'. 2 . 


- speciho gravity of, 184, 
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Vool-fat, specific of niixod alcohoV ' Yocno (Thos.); oh imolecul^f 

from, 18j. « - j ^ K;. 

— unaapoihiiaMe raatler in, }*er cent, Sf ontaiieour-/fgnition Of oily 

rags, etc., ‘JTU. ‘ ^ ^ 

— vjHcosiiyof, » V'’’ j 

Vool«’Aai acci}I valuenf, *2;'0. ■ ' < < / 

Vright I'Aliii'iv; iodine valne of tallow, ‘Zkuo' metal, 5^89. ^ ^ 

Zme, obJo'tioijK to, in bronze oewixjga^ 
—rieducliuh' (»i specific gravity to a; 381, ubl. ^ » 

vacuum, 
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